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Sink or Swim Together 


OR forty years engineering employers 
F have been fighting a running battle 
with the trade unions for the definition and 
protection of their management functions. 
Management practice has varied from time to 
time and from firm to firm from the frankly 
autocratic to the extremes of concession and 
collaboration. On the political side discus- 
sion has waxed and waned about the nature 
and possibility of industrial democracy. Some 
Socialists, such as Professor G. D. H. Cole, 
have argued for forms of control by worker 
representatives, and even some employers, 
such as Mr. John Spedan Lewis and Mr. 
Wilfred Brown, have sought to associate their 
employees directly in the formulation, if not 
the execution, of policy. Others, represented 
by Mr. Hugh Clegg of Nuffield College, have 
pointed out the authoritarian dangers in 
attempts to discover the *“* commen will” and 
have asserted that the essence of democracy 
is an organised opposition—which in indus- 
try means the workers organised in strong 
trade unions. 

To this second conception Professor Mel- 
man’s new and valuable book ( Decision- 
Making and Productivity, by Seymour Mel- 
man, Basil Blackwell, 27s 6d) brings powerful 
support. By analysing the decision-making 
process in an unorthodox managerial situa- 
tion, that of the Standard Motor Company, 
he is able to demonstrate that the workers, 
through their independent organisation, can 
play a substantial, if not dominant, role 
and in so doing assist the management in the 
acceleration of the pace of increase of pro- 
ductivity and of change. 

To those who remember the 1956 strike 
at Standard’s this may seem strange, but the 
explanation of the breakdown of relations 
that occurred then is to be found in the still- 
centinuing struggle within the management 
between autocratic and democratic attitudes 
and among the shop stewards between a 
militant, but positive, approach and the 


sterile opposition for opposition’s sake of 


the Communists. It was in fact the exploita- 
tion by the Communists of traditional trade- 
union attitudes, derived from the period 
of mass unemployment and_trade-union 
weakness, that delayed the introduction of 
agreed seniority and rules for redundancy. 

The Standard management after the war 
introduced a policy which aroused great 
controversy in the engineering industries. 
It was based on high wages and the organisa- 
tion of production and bonus payment in 
large gangs, if possible covering a whole 
factory. This involved them in dealing 
with their workers in large groups instead 


of individually or in small groups, and 
enhanced the power of the shop stewards 
who represented the workers. The pressure 
of the trade unions and the concessions 
which management made to them gave the 
unions considerable power in decisions over 
the use and employment of labour. On the 
other hand the agreement with the unions 
simplified the grading system and assisted in 
the transfer of workers between jobs. This 
system has led to an abnormally low level of 
supervision. In the tractor factory there are 
250 workers per foreman compared with 
10 in a similar plant in Detroit. The ratio 
of administrative to production workers in 
1955 was 15 compared with 22 for the motor 
industry as a whole. 

This has been made possible, according to 
Professor Melman, by the need of the 
workers to develop themselves a system of 
decision-making interdependent with that of 
management and to establish codes of 
behaviour governing the relationships both 
between themselves and towards their em- 
ployer. This often involves their obtaining 
from management, or through their own 
channels, information about markets, sales, 
sources of supply, and so forth. 

From the company’s point of view Pro- 
fessor Melman is convinced that the system 
has been of considerable benefit. The high 
wages forced a policy of mechanisation and 
so increased productivity. The relatively 
fixed conditions of employment and _ the 
largely self-governing nature of the work 
force compelled management to concentrate 
its cost-reducing activities on the physical 
details of production, on administrative 
overheads and on careful scheduling of 
materials and work in process. As a result, 
although much less mechanised, the produc- 
tivity of the Coventry tractor plant compared 
very favourably with that of its opposite 
number in Detroit and costs, although not 
at a level corresponding to the difference in 
wage rates, were between 60 and 70 per cent. 

This work by an American professor has 
added another to the small, but growine. 
number of studies of management behaviour 
which make a real contribution to its under- 
standing. At the same time he has shown that 
the familiar dichotomy of interest betweein 
employers and employees no longer has the 
force or significance that it once had. Already 
it is becoming apparent to trade-union 
officials that serving their members’ interests 
is not necessarily to be in total conflict with 
management. The interests of management 
and labour in raising productivity coincide: 
sink or swim together. 
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Cover Picture.—The Victor B Mark 1 bomber air- 
craft, now in service with the Royal Air Force, is 
powered by four turbojets and has exceeded the 
speed of sound in a dive. The developed version 
will carry a powered stand-off bomb. Civil and 
military transport versions are in the design stage. 


Plain Words 


Only seven days separated the completion 
of the last steam locomotive to be built 
at Crewe and the death of one of the 
oldest surviving Crewe-trained engineers. On 
December 15, the 7,331st and last locomotive 
was driven through the works by the Mayor 
of the town, and on 22 December that grand 
old man of the motoring world, Mr. F. S. 
Bennett, died in the Royal Automobile Club. 

Bennett was an apprentice at Crewe from 
1892 to 1897. Those were the days when 
the works and the town were ruled by a 
not-so-benevolent despot, the chief mechani- 
cal engineer F. W. Webb, whose compound 
locomotives exhibited some endearing traits, 
including the ability to turn one pair of driv- 
ing wheels in one direction and another pair 
in the other direction simultaneously. Fathers 
paid premiums to Webb for their sons to be 
trained as mechanical engineers. It must 
have been a very good training, though rough 
and ready compared with our present welfare 
apprenticeships, because Crewe men took a 
high proportion of Whitworth scholarships 
and many of them made names for them- 
selves far afield. In old age, however, Ben- 
nett and a few of his near-contemporaries 
preferred to recall the wild escapades they 
used to get up to in the naughty nineties. 
Sons were often sent to Crewe because fathers 
felt it was the last hope for boys whose school 
results were too depressing for any of the 
traditional professions. If not the Church, 
then Crewe would have to do. 

In the early days of the motor industry, 
quite a number of the pioneers were loco- 
motive men. Bennett, who had introduced 
Oldsmobile and Cadillac cars into Britain, 
staged a test at Brooklands in 1908 to demon- 
strate the interchangeability of Cadillac 
components. He introduced the electric 
starter to Europe and took part in motor 
trials. Only five years ago, when he was 
nearly eighty, he re-enacted the 1,000-mile 
reliability trial of 1903, driving the 64 h.p. 
Cadillac which he had driven in the trial 
fifty years earlier. Last year he took the 
chair at the annual dinner of past and 
present Crewe men, and he was to have 
taken it again at the next dinner on 24 April. 

To me, it was the news of his death which 
confirmed the feeling that a chapter had ended 
at Crewe. The individuality of that great 
locomotive centre could not be entirely 
obliterated by either the railway amalgama- 
tions of 1923 or the nationalisation of 1948; 
but the last steam locomotive—that, surely, 
is a heart-rending change. The “* new work” 
leading hand has blown his whistle and the 
last of the line has been drawn out of No. 10 
shop. I write more in sorrow than in anger, 
but for once I cannot complain. Engineers 
stand for change; and for once this engineer 
must take his own medicine. 

CAPRICORN 


Weekly Survey 
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Currency Conversion Factors 


The series of events around Christmas which 
culminated in the French currency reforms and a 
further step towards convertibility of sterling are 
not all directly connected with one another. The 
decision to relax control of European currencies 
is closely connected with the growing converti- 
bility of the pound. It will be recalled that 
after the Montreal conference in the autumn, 
importation of dollar capital goods was admitted 
to the United Kingdom without control. The 
next step has now been taken in freeing the trans- 
fer of current account sterling held by people 
outside the sterling area. Exchange control, 
however, remains and so do the official exchange 
rates which operated before Christmas. The 
decision to increase the convertibility of non- 
resident sterling is mainly psychological. The 
big test of the convertibility of the pound, if it 
should come, will be the ending of controls on 
the importation of dollar consumer goods into 
the United Kingdom. 

The gesture by the pound has two main 
effects. It will increase the volume of inter- 
national arbitrage business going through London 
instead of Zurich, and it has been made the signal 
for a general relaxation of Western European 
currencies. This in turn has brought to an end 
the European Payments Union, which will 
now be replaced by the European Monetary 
Agreement. 

The French decision to devalue the old franc 
by 175 per cent, the creation of a new franc to 
be valued at 100 times the old franc, and the 
decision to free 90 per cent of the country’s 
trade with OEEC represents a major financial 
reform for France—if it comes off. The French 
have been obliged to put their house in order 
by the exhaustion of external credits and the 
creation of the European Common Market 
which became a fact on | January. The French 
move has been underwritten by a loan from 
Western Germany—a significant practical indica- 
tion that the Germans and the French mean what 
they say about the political implications of the 
European Common Market. The French fiscal 
reforms are frankly deflationary. 

The new year has opened with an imposing 
array of financial resolutions. The dash for 
currency freedom has begun and it remains to be 
seen if this calculated risk on a slightly soft 
dollar has been worth taking. 


Lucky Strike 


The aircraft industry had an encouraging Christ- 
mas present from the Air Ministry in the form 
of a decision to proceed with the development of 
a successor to the Canberra. The Royal Air 
Force have been pressing for an aircraft of this 
type for some time. It is intended to be a 
tactical support and strike aircraft capable of 
high speed at low altitude and supersonic speed 
at high altitude. It should be capable of 
identifying and attacking targets of all kinds in 
all weathers and of carrying any type of weapon 
including nuclear bombs. It will carry the 
latest developments in navigation bombing and 
photographic reconnaissance equipment and, of 
particular importance, is intended to be capable 
of operating from small undeveloped air 
fields. 

For some time it has been known that such an 
aircraft was strongly desired by the RAF and 
that it was particularly important in order to 
maintain this country’s contribution to NATO. 
There was obviously some reluctance to embark 
on such an expensive development if an existing 
aircraft could fulfill the requirements, and it is 
on this subject that discussion has probably 
hinged. It was felt in some quarters that the 
Blackburn NA 39, developed for the Royal Navy, 
could also fulfil the RAF’s requirements. The 
RAF, however, felt that it lacked both the 


necessary range and the required navigational 
facilities for the NATO role. 

No announcement has been made as to who 
is to build the aircraft, though it will almog 
certainly be a consortium of companies. It js 
also likely that, although several hundred Cap. 
berras have been built, the quantities required of 
the new aircraft will be limited. 


Appeal for Clearer Skies 


A strong plea was put forward last month by 
the director of the Society of British Aircraft 
Constructors for some clarification of the rela- 
tionship between the Government and the air. 
craft industry. Mr. E. C. Bowyer emphasised 
that he was not taking the line that the aircraft 
industry was wholly in the hands of the Govern- 
ment without whose help they could do nothing, 
but stressed that the industry was dependent on 
the Government for help in research and 
development, and that since the Government 
was still the industry’s main customer a clear 
indication of this customer’s future demands was 
essential for forward planning. 

Mr. Bowyer said that the industry was hoping 
for the continuance of Government sponsored 
research and development on a scale comparable 
with that of the past few years. Secondly, he 
felt that specifications for certain new types of 
manned aircraft should be issued without delay 
(in one case, as recorded in the following note, 
this has already been done). It was essential to 
do this if design and project teams were to be 
kept together. Thirdly, a dependable indication 
was required of the size of the Government order 
book for aircraft and guided missiles for as far 
ahead as possible. 

The aircraft industry’s exports in 1958 will 
have amounted to about II per cent of the 
nation’s engineering exports and are particularly 
important in that they employ very little raw 
material while engaging the services of a great 
deal of brain power and labour. (This feature 
was borne out by an overall survey of the air- 
craft industry’s response to the new situation 
published by ENGINEERING earlier this year 
and now available as a reprint, 4s.) On the im- 
portance of aeronautical research Mr. Bowyer 
pointed out that a very great deal of research and 
development originally carried out for the air- 
craft industry had proved of great benefit to 
many other branches of industry. 


Seeking a Permanent Way 


Some answers to the question: what is wrong 
with the railways? are given in the latest broad- 
sheet from PEP (Political and Economic Plan- 
ning)—Paying for the Railways. One problem 
is the lack of settled policy. In the last decade 
the railways and the long-distance road hauliers 
were both nationalised. The latter were de- 
nationalised in 1953 and many of the restrictions 
on the railways’ commercial freedom were 
removed. Then in 1957 the new scheme em- 
bodied in the Merchandise Charges Scheme was 
introduced which gives the British Transport 
Commission power to increase maximum charges 
temporarily, subject to later approval or rejection 
by the Transport Tribunal. The railways still 
have to maintain some unremunerative services, 
however, so that high cost traffics are being 
subsidised. 

The PEP broadsheet discusses several possible 
solutions to the basic problem of the railways. 
The first, which has recently been proposed by 4 
group of Conservative M.P.s, would be to give 
them complete freedom to abandon any practices 
that are not strictly commercial. This would 
mean freedom to cut non-paying services as well 
as the right to price out of the market any 
traffics that did not pay. This solution pre- 


Boe rs 


EN 


sup 
oblis 
simf 
as is 
have 
pro! 
pro’ 
revi 
wot 
The 
bod 
rail 


- 


wn 


a a i, i ai 


ING 


ional 


who 
Imost 
It is 
Can. 
ed of 


h by 
Craft 
rela- 
air- 
sised 
craft 
ern- 
ling, 
t on 
and 
nent 
“lear 


ping 
red 
able 
, he 
s of 
elay 
Ote, 
| to 
» be 
tion 
‘der 
far 


will 


arly 


ng 
d- 


‘m 
de 
TS 
le- 


‘ae 


S 
'o3 
5 
4 
ced 
is 

ia 

; 
4 





ENGINEERING January 2, 1959 


supposes that the railways are relieved of the 
obligation to provide any services at a loss 
simply for the benefit of the public. If, however, 
s is likely for the foreseeable future, the railways 
have to provide a public service, some com- 
promise is necessary. One Possibility is for the 
provision of unremunerative services to be 
reviewed by a single transport authority which 
would make a separate decision in each case. 
The Government would have to apply to this 
body in all cases where its policies required the 
railways to provide unremunerative services or 
charge uneconomic rates. 

Another solution would be for the railways 
to be regarded as a public service and handed a 
general subsidy to maintain the existing system. 
Such a subsidy would at the present time have to 
be larger than the central charges that the rail- 
ways are required to cover. Placing the railways 
and road haulage and long distance C-licence 
road transport under a nationalised body would 
be another solution. PEP concludes that some 
of the solutions discussed are too controversial 
politically or are economically unsound. It 
comes down in favour of allowing the railways 
to operate On a commercial principle as far as 
possible with special arrangements made for 
their public service functions. 


Atlas Orbits 


An Atlas intercontinental ballistic missile has 
been put into orbit by the United States Air 
Force. The object of the launching was to test 
the guidance system of the missile and to examine 
the feasibility of using a satellite as a radio relay 
station. Both experiments were a success. 

The Atlas has a length of about 85 ft and a 
diameter of 10 ft. Two booster motors set 
either side of a single sustainer motor make up 
the propulsion system, and the thrust at lift-off 
has been quoted, earlier this year, as 335,000 Ib. 
The two boosters burn for about 180 seconds 
and are then jettisoned, together with the flared 
skirt of the missile. Flight then continues under 
the thrust of the sustainer alone. All three 
motors are carried in gimbals that are moved by 
struts actuated by the guidance system of the 
missile. A feature of recent launching was that 
the missile was continuously guided along its 
trajectory until it entered a satellite orbit. The 
final weight of the Atlas was 4 tons. 

The initial orbit was of about 100 minute 
period, the distance from the earth’s surface 
varying between 118 and 620 miles. It is 
reported that the orbit lies between 23° N and 
32°S of the equator, and that the tracking 
signals emitted by the satellite’s transmitter have 
been received without difficulty. A life of three 
weeks has been predicted. 

The radio relay experiment involves the use 
of a tape recorder in the satellite. Signals from 
a transmitting station at one point on the earth’s 
surface are picked up by a receiver in the satellite 
and recorded. Later, a station at another point 
on the earth’s surface, and under the satellite’s 
orbit, issued a ‘* command” signal that causes 
the recorded signal to be retransmitted from the 
satellite. Thus two stations on opposite sides 
of the world could communicate with privacy. 

The Atlas missile is produced for the USAF 
by Convair-Astronautics, a division of the 
General Dynamics Corporation, California. The 
propulsion system was developed by Rocketdyne, 
a division of North American Aviation. 


Too Much Aluminium ? 


Aluminium Limited has announced that produc- 
tion of primary aluminium at its Canadian 
smelters is to be reduced by about 10 per cent to 
an annual rate of about 500,000 tons a year. 
This decision is in contrast to the recent announce- 
ment in the United States, where the Aluminium 
Company of America announced a small increase 
In Output, the latest of several small rises in 
production announced by United States alumin- 
lum producers. The difference in policy is 
accounted for by the international nature of the 


Canadian company’s business. While United 
States producers have benefited from the upswing 
in the trade cycle in the United States, Aluminium 
Limited has unsold stocks amounting to several 
months’ requirements by its customers. 

The battle for the control of British Aluminium 
Limited is indirectly connected with this state of 
affairs. Whichever American group, be it Alcoa 
or Reynolds Metals, gains an interest in British 
Aluminium, it will strengthen United States 
participation in the United Kingdom aluminium 
industry and this may have important long-term 
implications for Northern Aluminium Limited 
which is a subsidiary of the Canadian company. 

So far as the United Kingdom aluminium 
industry is concerned nothing has been divulged, 
of course, about the effect on British Aluminium 
policy of an association with an American 
group. It would not be surprising, however, if 
part of the reluctance of the British Aluminium 
directors to the association with Reynolds 
Metals and Tube Investments has been a fear 
that they would rationalise the fabricating side 
of the industry to the disadvantage of British 
Aluminium. The Alcoa partnership would 
give the British Aluminium board a bigger say 
in the future of its company in these matters 
and these views, although they have not come 
to the surface, may be more important in the 
long run than the question of shareholdings by 
British interests. 


Outward Bound from Paris 


The idea of Paris the chic capital city, centre of 
haute coutoure, tourism and entertainment, has 
been so firmly implanted in our minds that it 
comes as a shock to realise that it is France’s 
chief industrial city. Since the end of the war 
over a million people have moved into Paris 
from the provinces. In the past century, of the 
7 million increase in France’s total population, 
5 million has been in Paris. This concentration 
of population and industry has weakened the 
economy of the rest of the country to such an 
extent that the question of decentralisaticn has 
become a matter of urgent Government policy. 
The main industries in the Paris area are motor 
cars, 80 per cent of the French total; 50 to 80 
per cent of the metallurgical industry, a large 
slice of the chemical industry and some 75 per 
cent of French pharmaceutical plant. 

The Government first took this problem in 
hand in 1955 with a zoning law prohibiting the 
opening of new plants in and around Paris with 
a floor space of more than 500 sq. metres. Exist- 
ing factories were forbidden to expand capacity 
by more than 10 per cent. Since this law came 
into force some plants have moved out or have 
been prevented from establishing themselves in 
the Paris area. This movement has created 
around 100,000 new jobs in the provinces and 
represents an investment of some £10 million. 
Among the firms involved are Citr6en which 
has set up an accessories factory at Rennes 
Gillette-France at Annecy and Chausson with a 
metalurgical plant at Rheims. 

Industrial decentralisation would have been 
more difficult if the French economy was still 
tied to coal. The development of an efficient 
electrical grid served partly by hydroelectric 
plants such as that in the Upper Rhone Valley, 
has helped. So has the increasing availability of 
oil. But in spite of Government pleadings and 
the existence of new energy sources, the trend 
away from Paris has been much slower than the 
policy makers would have liked. One of the 
main reasons for this is the over-centralisation 
of French administration. No industrialist likes 
to move far from the bureaucrats on whom he 
depends for licences and permits of all kinds. 
Also the banking and financial business of the 
country is in Paris, and the headquarters of the 
nationalised industries, representing one-third of 
the French economy. So far, then, the outward- 
bound movement has not been rapid. If de 
Gaulle reforms the Government system and 
gives it a measure of decentralisation, French 
industry may very well follow suit. 


Letters to the Editor 


PROFIT MAKING 


Sir, May | make a brief comment on the leading 
article in your issue of 19 December entitled 
** What Shall it Profit?” 

The matter of price really does involve one in 
a discussion of fundamentals. Is ‘“ maximum 
net profit ’’ a sufficiently general definition of our 
philosophy in industry? I believe not, and I 
prefer to regard profit as only one component 
of the concept ‘ Social Utility... Our policy of 
maximum Social Utility means the policy which 
allows the maximum development of people, 
inside and outside the company. 

In the entirely imaginary world of ** economic 
man” and “ perfect competition” L dare say 
the two principles would coalesce: in the real 
world, with competition that is never perfect 
(sometimes almost non-existent) and peopled 
with real men and women, I find that Social 
Utility gives a practical guide to behaviour when 
the idea of maximum profit is unhelpful: it 
applies to all aspects of management not only to 
pricing. 

Thus, my quarrel is not with large profits, as 
you imply, but with the apparently widespread 
opinion that profit-making is why we work. 

We make large profits, and we need them for 
expansion and development work. Of course 
| agree that Russians make profits, just as we all 
have to eat: but eating and profit-making are 
means not ends. 

Yours faithfully, 
RICHARD STEEL, 
Managing Director. 
Servomex Controls Limited, 
Crowborough, Sussex. 
23 December, 1958. 


ENGINEERING RECORDS 


Sir, About a hundred years ago, engineering 
progress in this country was very rapid and 
many firms have been—and some still are— 
publishing centenary booklets giving their early 
histories. These first-hand source books will 
be of the greatest value to students and historians, 
not only now but even more so in the future. 

I would suggest that an important step in the 
compilation of social and industrial history 
would be achieved if each firm or institution 
publishing such a centenary or historical booklet 
would present a copy to the Newcomen Society 
as a contribution to their reference library. 

The Society, whose headquarters are at the 
Science Museum, was founded in 1920 for the 
study of the history of engineering and techno- 
logy, and the preservation of engineering relics 
and records. Its library would seem to be the 
natural repository for future study and reference 
of such historical booklets. 

The Society could also be usefully consulted 
before old drawings, records, or order books are 
destroyed. 

Yours faithfully, 
HUGH CLAUSEN. 
17 Harman Drive, 
London, N.W.2. 
23 December, 1958. 


CLEAR THINKING NEEDED 


Sir, | note in The Human Element, published 
on page 823 of your issue of 26 December, that 
the Industrial Welfare Society apparently mea- 
sures the success of suggestion schemes by the 
number of suggestions per so many employees. 
This is, of course, nonsense. A scheme which 
produces 100 unacceptable suggestions is obvi- 
ously not better than one which produces, say, 
seven unacceptable and three good suggestions 
from the same number of employees. Frivolous 


Continued on next page 
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Plant and Equipment 


Accrington. 


For the many applications where single- 
operator sets are needed, there are English 
Electric units in four sizes, 200, 300, 450 and 
600 amps capacity. Each is of the oil-immersed 
type, with the transformer and regulator mounted 
in the same tank. Three rubber tyred wheels are 
fitted, two on a fixed axle and one on a swivel 
with a drawbar. Current selection on each 
unit is by means of externally operated main 
and intermediate off-load tapping switches, 
except on the 200 amp equipment, which has 
only one tapping switch. A_ built-in power 
factor correction capacitor is provided in all 
cases. 

A variation of the single-operator equipment 
is available as a d.c. unit. Taking its current 
supply from three phase a.c. mains, it has an 
infinitely variable d.c. output within the range 
25 to 300 amps. The set is of the rectifier type, 
having the advantage of static construction, 
ease of maintenance, quiet operation and stable 
d.c. current output. 

Useful though single-operator sets are for 
many purposes, when three or more operators 
are required it is an advantage to use specially- 
built multi-operator equipment rather than to 
install the necessary number of single sets. 

In this type of equipment one transformer is 
used to supply current to several welding current 
regulators, the latter being the only items which 
need to occupy floor space. Any convenient 
position, such as a platform above floor level or 
a space in the roof girders, can be used for 
housing the transformer, and since it is per- 
manently installed, the high voltage cable can 
be fixed as well. There is thus no danger from 
trailing high voltage cable. Similarly, most of 





the low voltage cable can be permanently 
installed, distribution boxes being fixed in 
Concluding 


Letters to the Editor 


suggestions swell the total, but they do not 
achieve anything. 

The fact that the success of suggestion schemes 
is being measured in an entirely meaningless way 
might not be very important in itself, but it does 
matter as an example of the shoddy thinking 
which is all too prevalent throughout industry. 
This is most easily noticed in cases, like this one, 
in which somebody collects figures and puts them 
in a report without stopping to think whether 
they are really capable of answering the problem 
under investigation. But the same fault also 
appears in other kinds of work, for example in 
design offices and commercial departments, 
where time and money are often unnecessarily 
spent simply because nobody has taken the 
trouble to state clearly and simply what the 
purpose of the job in hand is, and nobody ever 
asks how much of the work being done actually 
contributes to the ultimate object. 

Yours faithfully, 
F. PoRGES. 


34 Shirehall Park, 
London, N.W.4. 
27 December. 1958. 


WELDING 
EQUIPMENT 


The English Electric Company Limited have made arc welding equipment 
for many years, and more recently they have developed a series of electrodes. 
Today they manufacture welding sets at their works at East Lancashire 
Road, Liverpool, 10, and electrodes are produced at Clayton-le-Moors, 
Between them, the two works can now offer a range of 
equipment for both a.c. and d.c. operation, and for single or multi- 
operator use, covering practically every arc welding application. 

















Building a batch of 
multi-operator weld- 
ing transformers. 
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convenient positions. The only movable parts, 
the current regulators, are comparatively small 
and therefore easily handled. 

Current return arrangements are also sim- 
plified, as the work can be set up on bedplates 
bonded together and connected to the current 
return terminal, thus keeping trailing cables to 
a minimum. Only one primary fuse-switch is 
required for the complete installation, and a 
single power factor correction capacitor is used 
instead of one in each welding set. 

Four standard sizes of transformer are avail- 
able, for 3, 6, 9 or 12 operators at 35 amps 
each, or for any other individual loading up to 
the maximum output. Regulators are made in 
four standard sizes for maximum hand welding 
currents of 210, 350, 450 and 600 amps. For 
use in shipyards and other places where very 
long welding cables are needed, a special range 
of regulators is made in three sizes. 

Simplicity is the keynote of the fixed unit. 
A standard transformer is combined with the 
capacitor and primary fuse-switch in a special 
tank, which has full-length doors giving access 
for the connection of the mains supply. These 
doors can be locked to prevent unauthorised 
interference with the mains supply, and the fuse- 
switch handle, which projects from the tank, 
can also be locked. 

A tertiary winding can be provided on the 
transformer, together with an auxiliary fuse- 





board inside the unit, for supplying current on 
site for power tools, temporary lighting or other 
purposes, as required. This auxiliary equipment 
is supplied to individual requirements. 

An arrangement of the multi-operator equip- 
ment which is popular on the Continent and is 
finding increasing favour in other countries, is 
a self-contained unit, with the transformer and 
associated current regulators mcunted in the 
same tank. This type of equipment is available 
in the English Electric range. 

Production facilities for electrcdes at Accring- 
ton are backed by chemical and metallurgical 
laboratories, and development of new types of 
electrode is carried out as well as quality main- 
tenance on production of standard lines. 

The range produced covers all applications 
from general-purpose use to vertical and over- 
head welding, pressure vessel manufacture, hard 
surfacing, deep penetration, and cavity filling. 

Among the special-purpose electrodes made 
are low hydrogen type, stainless steel, cast iron 
and iron powder coated for high speed welding. 
Another special-purpose electrode is used for 
grooving, and can be used with normal a.c. 
or d.c. plant, without additional attachments. 
They are used simply by striking the are and 
then pushing the electrcde rapidly along the 
line to be grooved. The force of the are cuts 
the groove and removes the molten metal, 
leaving a clean, bright finish. Both ferrous and 
non-ferrous metals can be grooved with equal 
ease. 


INSPECTION LAMP 


For the inspection of small orifices a lamp has 
been developed by Morris and Ingram (London) 
Limited, 114 Kingston Park Road, Merton 
Park, London, S.W.19, which also incorporates 
a magnifying glass. As may te seen from the 
illustration the light is carried on an extended 
tube which can be inserted in the hole to be 
inspected. Three lengths of probe are available, 
3 in, 6 in, or 8 in, and the magnifying glass has a 
power of four diameters. The light is supplied 
from two standard torch cells in the handle of 
the ** Probe-Lite.” 


A light carried on a probe is used in conjunction with 


a magnifying glass for inspecting small orifices. 
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Continuing Plant and Equipment 


MASTER BAR JIG BORER 


Manufactured by Buswell and Sweeney Limited, 
Birmingham, 9, and marketed by Stanley 
Howard Limited, 73 Devon Street, Birmingham, 
7, the Master Bar jig boring machine is based on 
a very simple, but effective, patented measuring 
system. Simplicity is the keynote of the com- 
plete design, and the machine will carry out high- 
precision work of normal jig boring standard wiih 
a minimum of skill and effort from the operator. 

The machine is of the single column type, 
substantially constructed of heavily ribbed 
castings, and has a work table 25in by 42 in, 
with a lateral traverse of 30in and a cross 
traverse of 18 in. Both traverses are powered, 
the speed being 60 in per min. Maximum and 
minimum distances between the boring spindle 
and the top of the work table are 30 in and 5 in, 
and the maximum movements of the spindle and 
the boring head are 9 in and 16 in respectively. 
The distance between the column face and the 
spindle centre line is 24 in. 

A Churchill-Sturm hydraulic drive gives, in 
conjunction with a two-speed gearbox, con- 
tinuously variable spindle speeds in two ranges, 
40 to 450 r.p.m. and 40 to 1,800 r.p.m. There 
are 4 spindle feeds, from 0-001 in to 0-008 in per 
revolution. 

Double V-slides carry the boring head, which 
is electrically traversed under push-button con- 
trol. The head and table slides are both lubri- 
cated automatically by gravity from a central 
oil tank, and the lead screws and nuts are oil- 
immersed. All the gears, racks, and the boring 
spindle are automatically lubricated by means 
of an internal oil pump. Manual lubrication 
has been eliminated. 

A steep taper toolholder is used in the spindle. 
It is formed with a locating ring having three 


WORDS, WORDS, WORDS 


An electronic teleprinting device that produces 
copy at speeds of up to 3,000 words per minute 
is being produced by Burroughs Adding Machine 
Limited, 356 Oxford Street, London, W.1. The 
theoretical top speed of the unit is 500,000 words 
a minute, the practical limit being set by the rate 
at which the paper can be passed through the 
machine. If the full speed of operation were 
realised, the machine would print three full-size 
novels in a minute; at its present rate it is 
operating at about 20 times faster than most 
people can talk. 

The development of the printer was the result 
of a joint effort between Burroughs Corporation 
and the United States Army Signal Corps 
Research and Development Laboratory— 
ASCRADL for short, although with their new 


locating pegs, all on the same pitch circle, but 
with one larger than the other two. Similar 
machining in the spindle nose ensures accurate 
positioning and re-positioning when the holder 
is locked in the spindle by the locking ring. 
Each of the two measuring bars is of the same 
pattern. The bar is of built-up construction 
being made of a series of slip gauges rigidly 
fixed in line so that the vertical faces in one 
direction are at lin steps. Inch graduation 
marks are engraved on the bar for quick refer- 
ence. The construction is such that the reference 
face of each gauge forms a small square slot 
with the back of its neighbouring gauge. Only 
the one face is used for measuring purposes, 
but the slot shape is used to accommodate a 


A simple means of measurement enables the 
table of the ‘* Master Bar” jig boring 
machine to be set quickly and accurately. 


small slip roller gauge, which is inserted manually 
at the required inch increment. A fixed micro- 
meter at the outer end of the bar enables the 
setting to be made to within 0-010 to 0-015 in 
of the measurement required. Final setting 
is by a 0-0001 in dial gauge. 

To set the machine on either of its horizontal 
traverses, the slip roller gauge is first placed at 
the required inch position, and any decimal parts 
of an inch required are set on the micrometer. 
The table is then put in motion by the push- 
button control. As soon as it reaches a point 
approximately 0-010 to 0-015 in away from that 





required, a trip on the table, working in contact 
with the slip roller gauge, operates a switch, 
and stops the motion. All that is then necessary 
is to make the final adjustment of a few fractions 
of a thousandth of an inch by means of the 
handwheel, and lock the table. Both dial gauges 
may be set to zero in the normal way, when 
setting up the machine from the original datum 
on the job. 

Provision for vertical measurement has been 
made by mounting on the face of the boring 
head a vernier type scale, and a fixed dial gauge 
to be used in conjunction with slip gauges. 


Fast Output with Electronic Printer 


printer the Army will be able to dispense with 
such abbreviations. 

It is stated that the unit will initially be used 
in the US Army’s new system of associated 
teleprinter units operating at 750 words per 
minute. Even at this reduced speed the com- 
pleted messages can be sent out eight times 
faster than at present. On paper, the American 
army is the fastest in the world. 

Looking to the future and 500 kilowords a 
minute, it is clear that the present shortage of 
full-length novelists will somewhat limit the 
literary use of the teleprinting machine. In view 
of the limitless stacks of matter which they 
could offer, it is reassuring to know that firms 
in Britain are developing reading machines 
with comparable speeds of operation: it is to be 


AUTOMATIC TOOL POSITIONING 


The Autoplot, an automatic. electronically- 
controlled machine for drilling, marking out, 
plotting, or draughting operations on_ sheet 
materials, was shown by Mullard Equipment 
Limited, Torrington Place, London, W.C.1, 
at the recent Electronic Computer Exhibition. 
It consists essentially of a worktable, tool- 
carriage and gantry, and the control system. 
The machine is shown in the accompanying 
illustration. 

To move the tool head to a required position, 
Co-ordinaie information is fed into the control 
system, using sets of rotary switches. When 
the drive motor is engaged and the lead screws 
move the tool head over the table, each 0-001 in 
of movement results in a pulse from a photo- 
transistor being delivered to electronic counting 
circuits. A decimal count is made for each axis 
and th yunts compared with the previously 


stored information of the programme. When 
equality of count and stored information 
is found, the tool head reverses its direction at 
slow speed, the count being made in the reverse 
direction until subtraction from the former value 
yields equality again. The tool head is then 
stopped and locked in position. A push-button 
enables the engagement of the tool with the 
workpiece The positioning is accurate to within 
0-001 in over any 6in of travel, and to within 
0-002 in over the entire 30 in by 20 in working 
table surface. 


hoped that the benefits of our deservedly famous 
classical education will be made available to 
these machines and that they will be capable of 
emulating the nice sense of literary value that 
characterises our national book reviewers. 

In the Burroughs device electron beams are 
directed on to a moving sheet of coated paper. 
The coded impulses to the unit are translated 
into letter patterns for the beams. After the 
paper has passed under the beams, each line of 
** text’ passes over powdered ink and heated 
roller, appearing afterwards as clean, dry, 
readable type. The paper used is said to cost 
only a littlke more than ordinary writing paper. 
The machine can operate from standard punched 
tape or can be plugged into a long distance tele- 
printer circuit. 





Automatic positioning of the tool head over the worktable is achieved 


by inserting 


co-ordinate 


information by way of rotary switches. 
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WHAT THE FUTURE HOLDS 


for the 


Engineering Industries 


After the Recession 


HE year which has just ended lacked the drama and crisis of 1957, 
but was even more disappointing than its predecessor for many 
sections of the engineering industry. It ran remarkably close to form. 
We wrote exactly a year ago, “* Thus, one way or the other, except in 
certain fortunately placed sections of the industry such as shipbuilding 
and motor vehicles, there is likely to be a fall in turnover from one cause 
or another, and this is likely to be accompanied by reduced raw material 
costs.” This forecast has been broadly realised. It has to be said, 
indeed, that although the crisis in the pound in September, 1957, created, 
along with the American recession, a number of major uncertainties in 
the economic outlook, it was easier to forecast what would happen 
in 1958 than it is to be sure about the timing of what is likely to happen 
in 1959. 

In 1958 the economy as a whole owed the comparatively slow onset 
of the recession to the high level of activity in the metor car industry. 
All the main indicators of activity behaved as most people expected, except 
for the American recession. The drop in building plans approved, the 
cut in expenditure by the Government and by the State controlled 
industries, the drop in machine-tool deliveries and the decline in new 
orders in general were followed as the year wore on by reduced purchases 
for stock, slight declines in output in many cases, and a reduction in 
plans for capital investment. The result was that industrial output 


EXPORTS 


market. 
recession, 


Thus, not 
by good 


Tr SEEMED at the beginning of last year that the 


only did the American 


fortune, fail to reduce in times of even modest recession, was the 
American imports of British machinery and 


In this series of articles, of which this is the first, 
an assessment is made of the factors which are 
influencing the engineering industries at the 
New Year, and a forecast is made of the trends 
that should be anticipated. This article deals 
with the prime factors of exports, raw materials 
and wages as they affect industry as a whole. 
In succeeding weeks the main engineering industries 
will be reviewed. 


seasonally adjusted fell from 105 in January, 1958, to 104 by October 
whereas over the same ten months of 1957 the index remained steady 
at 106 as measured by the official index (the monthly average for 1954 
being 100). 

The one factor which did not run as the prophets had foreseen was 
the American recession. Last winter the slump in the United States was 
expected to last into the summer, to be followed by a gradual recovery 
in the later months of last year. Almost everyone expected international 
trade to be severely affected in consequence. Most people thought that 
United Kingdom exports to America would fall off, that the purchasing 
power of countries exporting primary products would be reduced, because 
the United States was taking fewer of their commodities, and that the 
Americans would start to export their unemployment by dumping manu- 
factured goods in the world market. Little of this forecast was realised. 
Fortunately, the recession had little effect on American imports, and 
the United States, in turn, did not dump goods abroad. It came out 
of the depression as it went in, as a chronic high-cost producer. Primary 
producing countries certainly suffered last year from a loss of export 
income, but most of those which are members of the sterling area were 
able to draw on their accumulated sterling reserves (most of them built 
up during the war) and so cushion the impact on their imports bill of the 
down-swing of the trade cycle. 


result of this trend, which is perfectly normal 


comparatively low level of activity in the coal 








pessimists would be right so far as exports 
were concerned. In the first quarter of 1958, 
total exports were running at a monthly average 
of £274 million compared with a monthly 
average of £279 million in the first quarter of the 
previous year, a drop of | per cent. By the third 
quarter of the year the gap was still | per cent, 
but to judge from the November figures the 
year finished on an optimistic note. Taken as 
a whole, therefore, exports had stood up very 
well to the direct and indirect impact of the 
American recession. Indeed, if allowance is 
made for the fact that intra-European trade 
was somewhat sluggish last year, the export 
performance was very creditable. 

It can be seen from the figures in Table | 
that the engineering industry’s performance was 
particularly good. While the United Kingdom’s 
total exports fell by about | per cent in the first 
ten months of 1958, compared with the same 
period of 1957, engineering exports went up by 
3 per cent. This was mainly due to a rise of 
over 15 per cent in exports of vehicles and air- 
craft. Exports to the dollar area increased by 
nearly 12 per cent. The main decline occurred 
in shipping and electrical machinery. It is 
significant that the increase of road vehicle and 
aircraft exports to America in the first ten months 
of the year at £23 million more than accounted 
for the increase in total engineering exports. 
It can rarely have happened before that buoyancy 
in engineering exports was entirely due to one 
group of products exported to one particular 


equipment, but while that recession persisted 
and as the recovery gathered impetus in the 
later months of the year, the American market 
was responsible for any buoyancy there may 
have been in British engineering exports last 
year. 

As the year closed, three questions remained 
to be answered in order to make a forecast for 
1959. These were as follows. Would industry, 
especially the engineering industry, increase its 
holdings of raw materials and bought-in com- 
ponents? Second, would industry in general, 
and the engineering industry in_ particular, 
revise upward its capital expenditure programme 
in response to lower interest rates and the 
stimulus of increased Government expenditure ? 
Third, what would be the trend of exports? 

The first query concerns industry’s stocking 
problem. Over 1957, manufacturers’ stocks and 
work in progress increased by 7:4 per cent 
which was, incidentally, rather less than the 
increase in the previous two years. In the first 
three quarters of 1958 the percentage increase 
was only 0-3 per cent, and this represented, in 
fact, a gradual slowing down in the accumulation 
of stocks, finishing up with an actual decrease 
of 1-2 per cent in the third quarter. These 
figures tend to hide the degree of fluctuation in 
stocks. Thus, in the third quarter of the year 
the slight reduction in stocks and work in 
progress almost certainly was the net result of 
a fairly heavy accumulation of stocks of semi- 
finished and finished goods and a fairly severe 
drop in stocks of raw materials. The main 


and steel industries in the second half of 1958. 

The reduction in Bank rate to 4 per cent in 
November coincided with the seasonal peak of 
industrial activity and the beginning of winter. 
Interest rates and seasonal factors were, therefore. 
combining to persuade manufacturers to increase 
their stocks. While this was going on in the 
capital goods industries, key consumer goods 
industries were still booming, thanks to the high 
level of earnings (despite growing unemployment) 
and the relaxation of hire purchase controls at 
the end of October. There was, therefore, every 
hope that a rebuilding of stock would begin 
towards the end of the year. If this has not 
occurred when the official figures for manu- 
facturers’ stocks are available in February, It 
will be one indication that the recession has 
bitten deeper into the economic system than the 
optimists were prepared to admit before they 
ate their Christmas dinners. 

Towards the end of last year, there were signs 
of rather more optimism in board rooms, and 
indications were not lacking that companies 
were disposed to revise upward their views on 
capital expenditure. Both the official quarterly 
census of opinion on capital development plans 
and the autumn survey by the Federation of 
British Industries on the same subject suggested 
that opinion had become slightly less gloomy. 

Other factors have also recently been at work 
to bolster the business community's reviving 
confidence. The Government has withdrawn 
its embargo on capital spending by local 
authorities on housing and schools. The number 
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of plans approved by the Board of Trade for 
new buildings began a modest recovery in the 


autumn of last year. These will be translated 
into site activity and building projects in the 
early months of the current year. They will 
coincide with intensified school building, housing 
projects and a maintained high level of road 
construction. The State-owned industries will 
continue their current high level of building, so 
that by the end of the winter when bad weather 
will cease to be a brake on building activity, 
there should be a considerable head of steam on 
capital investment. The picture may look 
somewhat patchy, however, for much of 1959 
even on the most optimistic assumptions. The 
shipbuilding industry, although still enjoying 
a high level of activity, may not pick up a 
significant volume of new orders for some time 
to come, and the machine tool industry may take 
some time to react to the problematical increased 
level of factory building. The motor car 
manufacturers can probably look forward to a 
continuation of the present level of prosperity. 
The relaxation of hire purchase controls came 
in the autumn at the right time for helping to 
support car sales over the quiet period before 
the late spring. So far as the home market is 
concerned, therefore, the forces making for 
increased activity are being gradually mobilised, 
and only a sudden crack in confidence should 
prevent a recovery developing in the spring. 

The remaining factor to be considered is the 
export situation. There are a number of cross- 
currents at work. The American recovery is 
likely at least to maintain the level of British 
exports to the United States. Since the recession 
did not cut British exports significantly, it would 
be unwise to expect any rebound to raise British 
exports rapidly beyond the present peak level, 
although there may be a gradual increase. So 
far as the sterling area is concerned, the outlook 
in Australia is, as always, dependent to some 
extent on the level of the wool cheque in any 
one season, and Australia is likely to have a 
better season than last year. On the other 
hand, both New Zealand and Australia have 
indicated by tariff agreements with non-Common- 
wealth countries that the days of imperial pre- 
ference are limited in those two markets, and 
it may not be long now before this country feels 
the effect of that policy on its exports to 
Australasia. Elsewhere in the Commonwealth, 
commodity prices are likely to be better in 1959 
than they were on the average in 1958. There 
is always a time lag, however, between the 
movement of primary producers’ incomes and 
changes in their ability to absorb industrial 
imports. For part of 1959, therefore, such 
areas as Central and East Africa as well as 
India and Pakistan may have to live with the 


consequences of the low commodity prices of 


1958 while their ability or willingness to use 
accumulated financial reserves may come to an 
end. In such areas as the Middle East, the 
outlook for British exports is obscure. To some 
extent the difficult position of British exporters 
and contractors in Iraq may be an accumulation 
from the old regime, but it is not likely that 


British influence in Iraq will increase in the 
foreseeable future, even if Iraq draws no closer 
to the United Arab Republic. 

In Europe, the outlook could hardly be more 
obscure. It is likely that there will be an 
upward turn in the trade cycle in Western 
Europe this year. Whatever the trend may be, 
it will be affected to an increasing extent by the 
development of the European Economic Com- 
munity (the European Common Market) and 
the failure of the Free Trade Area to be realised 
in its original form. The impact of this is not 
likely to be great in 1959, unless it leads to the 
break-up of OEEC. The dismantling of the 
first group of tariffs within the Community may 
well be extended to the eleven countries in 
OEEC which are not members of the Common 
Market, but this fact will not hide the growing 
split in Western Europe between those who 
advocate free trade and those who favour 
protection. 

Taking exports as a whole in 1959, there is no 
reason to think that on balance the position will 
be very much easier. In the US the trade 
recovery cannot be expected to give much 
impetus to British exports for reasons already 
given. The prospect in the Middle East is 
obscure and not very favourable. The Domi- 
nions are either moving away from imperial 
preference or still likely to be feeling the impact 
of low commodity prices either on their current 
balance of payments or in the state of their 
foreign exchange reserves. In Europe, the 
upward swing of the trade cycle may be some 
good to British exports, but it may come later 
in the year rather than sooner. For some time 
to come this country’s export prospects are rather 
dangerously dependent on the state of the 
market for small cars in the United States. 

Sterling is, of course, exceedingly strong as 
the new year opens. Interest rates have been 
allowed to fall and for the first time in many 
years the Government can risk stimulating the 
demand for capital equipment in the home 
market. There is no doubt at all that in 1959 
economic policy will not be based upon discrim- 
ination against the production of capital equip- 
ment for sale in the home market, and that is 
a change for the better so far as the engineering 
industry is concerned. 


RAW 
MATERIALS 


a 1958 there was a noticeable recovery 
in the price of certain non-ferrous metals, but 
there was little indication over the year that 
raw material prices as a whole had begun to 
exert any serious upward pressure on costs. 
Taking 1954 as the base year, the Board of Trade 
index of wholesale prices of material and fuel 
used in the mechanical engineering industries 
was 124-2 in December, 1957, and at the same 
level in October, 1958. In the case of materials 


Taste 1.—Exports of Products of the United Kingdom Engineering Industries to Selected Areas 
(Monthly Average, £1,000) 
1957 1958 (January to September) 
N Electrical Road Electrical Road 
I fachinery machinery, ailway| vehicles Ships Machinery machinery, Railway | vehicles Ships 
other then | apparatus : and | other than) apparatus and 
a ; vehicles and . bene ‘ vehicles and 
electrical and inal boats | electrical and P fi boats 
appliances SerCeeat appliances iscsi 
oes 5,703 2,620 219 6,776 | 3,038 5,893 2,364 168 11,086 1,018 
Not rs area 20,874 10,507 2.445 15,993 1,788 20,473 10,239 2,704 17,568 1,817 
on-Sterling area 20,270 5,809 827 10,859 1,787 21,100 5,759 893 10,079 1,810 
Of which to OEEC 
. ries and depen- 
. ( es ; 13,446 3,419 225 6,970 | 1,014 13,691 3,381 105 6,890 = 1,217 
“i ‘ : 558 241 298 424 120 179 
es World (residual) 6,266 2,149 602 3,889 475 6,985 2,258 788 3,189 414 
Tota 46,757 18,936 3,490 33,628 | 6,613 47,463 18,362 3,765 38,733 | 4,699 


and fuel for the electrical engineering industry, 
wholesale prices advanced fractionally from 
115-0 to 115-5. In the case of building and 
civil engineering materials, there was a small 
drop from 115-0 to 113-9. The main raw 
material for the engineering industry is steel, 
and wholesale prices of iron and steel (base year 
1954 as 100) moved slightly downwards from 
130-7 in December, 1957, to 129-5 last October 
Coal and cement prices were almost unchanged, 
while copper went up from 73-0 to 95:1. 

Last year was a bad one for the iron and steel 
industry. Output in the third quarter of the year 
was 16 per cent below the corresponding period 
of 1957. By the closing quarter of the year 
only the steel strip mills were fortunate enough 
to be working near capacity, due to the con- 
tinuing boom in the motor vehicle industry. 
By the end of October steel exports were running 
about 20 per cent below the rate at the same 
time in 1957. Stocks of finished steel in the 
hands of consumers and merchants were at 
4:6 million tons in June, 1958, the last period 
for which stock figures are available, compared 
with 4:4 million tons in June, 1957. There is 
little doubt that the stock position will be found 
to have been worse in the closing months of the 
year. Production of steel in 1958 is likely to 
have been about 20 million tons, or some 
2 million tons less than in the year before. 
On the other hand, the capacity of the industry 
had increased over the year to over 23-5 million 
tons and the industry was in the unfavourable 
position at the end of the year of capacity 
increasing while output fell. The stock problem 
may well be solved by the upward turn of the 
trade cycle in the spring, but it remains to be 
seen if the steel development plan has over- 
estimated the need for capacity by 1962. For 
some time now, industrial output has grown 
more slowly than the planners had expected. 

The event of 1958 in the steel industry was the 
final decision on the location of the new steel 
strip mill. It was decided towards the end of the 
year that 500,000 tons of capacity should go to 
South Wales and that the balance of just under 
500,000 tons should go to Clydeside. This 
decison will have to be justified in the long run 
on the gamble that a strip mill in Scotland will 
attract medium and light engineering under- 
takings to an area still too dependent on heavy 
engineering. 

The close of 1958 marked the admission by 
the coal industry that the switch from coal to oil, 
the difficulty of exporting coal (since a surplus 
is common throughout Western Europe) and 
the drop in industrial output have made a 
degree of rationalisation in the coal industry 
necessary. At the beginning of December the 
Coal Board announced the closure of 36 pits 
(mostly in Lanarkshire and in South Wales) 
and a cut of 3 million tons a year in open-cast 
coal output. This marked the end of an era. 
Coal is no longer scarce and over 12,000 men 
have been made redundant. It is not likely, 
therefore, that much more will be heard for 
several years about recruitment campaigns for 
the coal mines. 

Despite the setback in coal and steel it is 
noticeable that neither industry has reduced its 
development programme. The drive for more 
steel and greater productivity in the coal mines 
will continue in 1959. There is no doubt that 
the recession in coal and steel owed a great deal 
last year to the lower stocks held by the engi- 
neering industry. If, as is likely, a re-stocking 
process begins early this year, there may be a 
fairly rapid recovery in steel output, although the 
coal industry may take longer to overcome its 
problems, since part of the trouble is its insistence 
in raising the wrong kind of coal. It is most 
unlikely, however, that an improvement in 
output will affect prices adversely for the 
engineering industry. 

The aluminium industry faces better prospects 
at the beginning of 1959 than at the same time 
a year ago. Aluminium prices were firm towards 
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the end of last year, and the agreement by the 
Russians to limit exports of aluminium to this 
country to 15,000 tons a year over the 12 months 
beginning November, 1958, has brought an 
element of stability to a market which was 
exceedingly nervous for most of the year about 
Russia’s marketing activities. Despite the 
recovery in America, however, the outlook is 
not entirely favourable. The industry as a 
whole has idle capacity, notably in the United 
States and Canada, and as long as this exists 
competition, particularly in export markets, is 
likely to be keen. The two questions which the 
aluminium industry has to face up to this year 
are the rate of recovery in the United States so 
that all idle aluminium capacity can be got into 
production, and the effect of the European 
Common Market. The possibility that British 
supplies of aluminium might be cut off from 
Western European markets has_ increased. 
A number of interests within the Common 
Market area and also in America have been 
bidding for the fabricating capacity of the 
Belgian industry. Pechiney has increased its 
control of the Belgian industry and it is likely 
that exports of virgin and semi-fabricated 
aluminium from this country will have to find 
new alternative markets in the Commonwealth. 

A substantial recovery occurred last year in 
the price of copper. Between the early summer 
and the end of September its price went up 
from around £200 to £260 per ton. The end of 
the strike in the Rhodesian copper mines, 
however, and the rather slower rate of recovery 
in the United States than had been expected by 
the optimists led to a setback and prices at the 
close of the year were about £225 a ton. The 
Board of Trade was also unloading quantities 
of metal on the market, which further limited 
the scope for a further strong recovery in the 
price. It is very unlikely, however, that copper 
prices will rise much further in 1959. It is now 
certain that the price will not slide back towards 
£200 a ton or lower, but on the other hand a 
rapid increase is not likely even if the American 
recovery puts on a spurt. Few people expect 
copper to come within sight of £300 a ton in 
1959. 

The tin market has had a hectic year after 
a period of grave disquiet brought on by Russian 
sales of tin. Under the terms of the Tin 
Agreement the manager of the Buffer Stock is 
obliged to support the tin markei at £730 a ton. 
At one time in September last the London tin 
price sank to £642 a ton. In succeeding weeks 
the Russians agreed to co-operate with the 
International Tin Council and a sharp recovery 
in prices set in. By the end of November tin 
was back to about £760 a ton. Had it not been 
for the Russian intervention and a general lack 
of confidence in the operation of the buffer pool 
scheme, the price of tin would probably have 
stayed fairly firm comfortably above the floor 
level of £730 a ton, for consumption has tended 
to keep reasonably ahead of supply throughout 
the year. Nevertheless, the Tin Council has 
fixed the export quotas for the industry at the 
cautious level of 20,000 tons for the first quarter 
of 1959, a cut of 48 per cent on the base period. 

In September the United States announced 
that it would impose quotas on lead and zinc 
including metal in concentrates. This move was 
not unexpected but, since America is a large 
importer of both metals, the decision was bound 
to colour the world market for the rest of the 
year. The quotas had a critical reception from 
the other world producers, although it is con- 
ceded elsewhere that American producers of 
lead and zinc were in serious straits. The 
American decision to use a quota instead of a 
tariff was based on the world wide effort to find a 
solution for the problem of over-supply of lead 
and zinc. Quotas, it was argued, would support 
the dollar earnings of foreign producers by 
raising American prices, thus giving an assured 
if limited market. It was noticeable that sales 
of zinc improved when the quota was instituted 
in October, despite the particularly bad statistical 


position of that metal, but this may owe a good 
deal to the general recovery in the United States. 
In November talks were held at Geneva on both 
metals, but there was no substantial agreement 
as to what should be done for world producers. 

An inter-government study group has now 
been set up to try to find a basis acceptable to 
both exporters and importers for some kind of 
control arrangment, but no progress has been 
made so far with a scheme to limit the fluctua- 
tions in prices and output. The fact is that the 
recovery in the United States has carried world 
lead and zinc prices with it to some extent and 
this has correspondingly reduced the sense of 
urgency for a producers control scheme. Another 
conference is to be held soon, and it will be 
interesting to see if plans for the control of the 
world price of lead and zinc have made any 
further progress if, as seems likely, the trend of 
lead and zinc prices continues steadily if un- 
spectacularly upward. 

The world shortage of nickel which has per- 
sisted since the outbreak of the last war definitely 
came to an end last year. In October Inter- 
national Nickel’s stocks were up to seven or 
eight months of demand and the United States 
Government also had substantial supplies. For 
some time the company’s output had been run- 
ning at about two-thirds of its capacity before 
the strike in October temporarily interfered with 
production. The industry’s view in the closing 
months of 1958 was that the price of nickel 
should remain stable at £600 a ton. The 
Manitoba project of International Nickel is 
expected to be in production late in 1960. A 
further likely source of the metal was found 
during last year in Tasmania, where a new, rich 
deposit was discovered. 

In plastics, the thermoplastic groups are con- 
tinuing to make particularly rapid strides, along 
with synthetic fibres and rubber-like polymers. 
The general opinion is that established thermo- 
setting materials will have a modest expansion 
over the next few years while cellulose plastics 
and fibres will stay relatively static. Among the 
thermoplastic groups, polythene and PVC will 
grow rapidly, followed at a distance by poly- 
styrene and its polymers. Among the fibres, 
nylon capacity is expected to reach 30,000 tons a 
year by 1960 and Terylene 25,000 tons a year. 
By that date also acrylonitrile-based fibres should 
have reached 10,000 tons a year. The scope for 
synthetic rubber is growing rapidly. In 1955 
about 20,000 tons were produced: in 1957 about 
54,000 tons. Taking plastics as a whole, the 
target output figure of 500,000 tons is likely to 
be realised and to go to 750,000 by 1965S. 

Among the “lesser” metals, titanium has 
again had a bad year in 1958 owing to the con- 
traction of the aircraft industry, and is at present 
caught in the vicious circle of being too high 
priced to attract a large new demand which, if 
realised, would probably enable it to cut prices. 
The prospects for an improvement in 1959 are 
not very good. The development of the nuclear 
energy industry continues to have a marked 
effect on the demand for columbium (niobium). 
Columbium, unlike titanium, has been able to 
establish a market as a structural material for 
use in nuclear reactor furnaces as its use for 
aircraft has fallen away. 

One result of the world-wide recession of 
commodity prices over 1957 and early 1958 was 
to demonstrate, so far as industrialised com- 
munities are concerned, how small a proportion 
of total costs is taken by raw materials. From 
the industrial point of view, fluctuations in 
raw materials prices in world markets are more 
significant from a marketing and balance of 
payments aspect than from the aspect of costs. 
To say that is not to contend that raw material 
cuts are not important. They obviously are in 
terms of competition. In terms of priorities, 
however, big changes in materials prices exercise 
their critical effect on the purchasing power of 
export markets and on the size of the import 
bill. Britain is at present in process of discovering 
how these price changes affect her export trade, 
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not least in relation to the various branches of 
the engineering industry. 

The effects on export markets of a heavy fal 
in commodity prices can be of two kings 
They can be injurious to imports either becayg 
they cause a big drop in exports which recove, 
almost as soon as commodity prices recover, 9; 
they can have a less immediately severe but mor | 
protracted effect. On balance, it is beginning to 
look as though the second is the likelier patter 
in this particular down-swing of the trade cycle 
Cuts in commodity prices have not been reflecte 


in a sudden drop in exports, but some expon 


markets, though not all, may take longer to 


expand their purchases of industrial equipment 7 


than the movement of commodity price indices 
would lead one to expect. 
will show if this is going to happen. 


The impact of raw materials prices on the 4 
As world prices 7 


import bill is also significant. 
rise, industry tends to increase its purchases for 
stock, resulting in a larger inflow of imports, 
balance of payments problems and consequent 
deflationary measures by the Government of the 
day. This particular chain of cause and effect 
has shown itself to be no respecter of political 
parties and has been a recurring cause of internal 
crises in this country since the war. In 1959, 
the seeds of the next crisis of this sort could be 
sown. Stocks of raw materials have been run 
down and a restocking process may soon begin. 
It has been argued earlier that the sooner this 
begins the better. But let it be said here that 
the need is for restocking with moderation. If 
the process is speeded up unduly (and it must be 
remembered that in 1959 the United States and 
Western Continental Europe will also be restock- 
ing), the result could be a sharp increase in 
prices and a balance of payments crisis. It does 
not look likely at the turn of the year, but the 
danger will be worth bearing in mind. 


WAGES AND 
WORKING HOURS 


HE year 1958 will be remembered as the first 

One since the war when retail prices showed 
a decline. As can be seen from the graph on 
this page, retail prices were unchanged between 
December, 1953, and September, 1958 (though 
there were, of course, differences in individual 
items), while between June and September, 1958, 
the index fell by 2 per cent. 

Between December, 1957, and September last 
year wage rates went up by almost 2 per cent, 
although a number of wage awards over the year 
were higher than this. The railways set the 
pattern early in the year by obtaining an increase 
of 3 per cent on basic rates, but those who came 
later, notably the engineering unions, were able 
to obtain 4 per cent rises. It will be recalled that 
the Cohen Council recommended in its first 
report that wage rates should not increase more 
rapidly than national productivity (measured 
crudely as the ratio of national output per 
worker) which has been rising of recent years 
at a rate of about 24 per cent per annum. Over 
the year which has just ended the level of indus- 
trial production has gradually eased off to a 
level below the corresponding period of 1957. 
The decline in output developed in the second 
quarter of 1958, although during that quarter 
the gross domestic product was 3 per cent 
higher than in the corresponding quarter of 
1957. Since in the following quarter the level 
of industrial production declined further and the 
fall continued to the end of the year, it is almost 
certain that national productivity was reduced 
as well. In consequence the increase in wages 
granted in the early spring made its impact on 
the economy when there was an actual decline 
in the output per head. Judged by the state of 
the economy at that time the effect was, therefore, 
bound to be inflationary. It could not be other- 
wise when the productivity of labour was falling. 
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As events have turned out, however, the 
bolstering of the country’s wage bill by a further 
increase in basic rates last year may prove to 
have been a valuable counter-measure to defla- 
tion. The Government’s tactics in the autumn 
of last year were to stimulate industrial activity 
as quickly as possible by removing hire purchase 
controls and by stimulating the economy through 
consumer goods. In these circumstances, an 
increase in purchasing power in the hands of the 
public is a definite advantage. 

As the year progressed there was a significant 
quickening in the rate of unemployment and, 
for the first time in many years, there were fewer 
people employed in the engineering and allied 
industries at the end of September, 1958, than 
in the corresponding period at the end of the 
year before (see Table II). By early in October 
the unemployment percentage for industry as a 
whole was 2:3, compared with only 1-3 a year 
earlier. This increase in unemployment was 
accompanied by a fall in the amount of overtime 
worked and the numbers in part-time employ- 
ment. Towards the end of the year the rate 
of increase in unemployment slackened off, 
but by November the percentage had gone up 
to 2-4. Over the summer months the number 
of unfilled vacancies continued to decline. The 
incidence of unemployment was most noticeable 
in Scotland, Northern Ireland and South Wales. 
London and the south-east had the lowest level 
of unemployment at 1-5 per cent. The unem- 
ployment figures for December showed a slight 
improvement and this may act as a brake on the 
normal increase in seasonal unemployment over 
the winter months. It is not likely, however, 
that there will be a significant recovery before 
the late spring of 1959. 

Recent American experience has suggested 
that it is possible for a country to come out of 
recession with a rapid increase in the produc- 
tivity of labour, due to the quick re-employment 
of existing capacity. The possibility that this 
may happen in the United Kingdom is enhanced 
by the fact that during this recession key labour 
has been retained, thereby creating a certain 
amount of under-employment and hidden un- 
employment. Companies which have done this 
will reap the benefit in the upswing since the 
bulk of their experienced workers will still been 
the pay-roll. In consequence, there could well 
be a significant increase in output this year with- 
out anything like a proportionate increase in 
employment. 
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Relative movements in retail price and wage 
rates since 1951. Index : June 1947—100. 


* All industries and services. 


The present depressed state of labour is likely 
to counsel caution this year in wage claims. 
It has been apparent that the high level of coal 
stocks has taken the edge off the militancy of 
the National Mineworkers’ Union in demanding 
further implementation of the ** miner’s charter ” 
and a reluctant acquiescence in the closure of the 
36 coal pits. The Transport and General 
Workers’ Union is still engaged in a running 
fight with the London Transport Executive over 
the cut in bus schedules and this, plus the problem 
of wage differentials between London and pro- 
vincial busmen, is likely to be a reminder of the 
need for caution in taking an extreme attitude 
on wages and working conditions. 

The AEU had a successful year in 1958. By 
timing its wage demands to come before the 
employers after the railway wage decision it 
was able to secure 4 per cent on the previous 
year’s basic rate. In the coming year, the 
attitude of the AEU may well be critical. The 
experience of the engineering industry so far as 
profits are concerned has been exceedingly varied 
in the last year orso. The motor vehicle industry 
has been booming, but certain sections of the 
medium and heavy engineering industries have 
had a difficult time. The shipbuilders are still 
busy, but their order books have been severely 
cut, and this may counsel caution to the militant 
shipbuilding and boiiermakers’ unions. Towards 
the end of 1958 two shipbuilding yards closed 
down owing to chronic labour trouble, and the 
lesson may not be lost on the rest of shipbuilding 
labour. 

For the last year or so, the argument put 
forward by the unions for an increase in wages 
based on a rise in the cost of living has been 
increasingly unimpressive. The demands of the 
unions have invariably been greater than the 
rise in the cost of living would warrant, and even 
the compromise solution arrived at with or 
without arbitration has tended to keep wage 
increases ahead of both the rise in productivity 
and the rise in the cost of living. If a round of 
wage demands is made this spring, the excuse 
of a higher cost of living will not exist, for the 
cost of living has remained stable and may even 
have declined slightly since the spring of 1958 
In this connection, however, the Government 
has probably overlooked the effect on wages 
which the encouragement of hire purchase facili- 
ties can have. When the standard of living of a 
large section of the population is rising, and it is 
easy to get goods on hire purchase, commitments 
tend to be taken on which put severe pressure on 
people who have no tradition of thrift. Large 
hire purchase commitments are not the same as 
a rise in the cost of living, but they can be made 
to have the same effect on the British worker in 
his demand for higher wages—and not least on 
the British worker’s wife, whose eloquence on 
wage increases makes up for its lack of logic by 
its persistence. The effect of these pressures on 
living standards is to increase the likelihood of 
wage demands, although it reduces the attraction 
of strike action to the rank and file. 

One other matter of significance developed 
towards the end of 1958 and this was the growing 
efforts of the trade unions to curb the assumed 
powers of shop stewards, especially those with 
Communist affiliations. Such publicly aired 
matters as the strike at London Airport, on 
which the Jack Commission reported towards 
the close of 1958, the disciplinary action taken 
by one of the building unions at the Shell site 
in London on the South Bank and the efforts 
of the AEU to bring one of its district branches 
to order at Sheffield show a stiffening of official 
union opinion towards demagogy of the more 
political sort. The year ended, indeed, with 
the Electrical Trades Union trying to placate 
the TUC on the question of balloting irregular- 
ities—a matter raised at the annual Congress in 
September. Reluctantly, but under growing 
provocation, the TUC was moving towards 
action and all the implications for the trade 
union movement which it carried for 1959. 

The outlook for the present continued high 





Taste Il.—Employment in the Metal Manufacturing and 
Engineering Industries of Great Britain (1,000) 


End-Sept., End-Sept., 
1957 58 


Metal Manufacture . ; 582:1 549-6 
Blast furnaces oa i 23-0 22:3 
Iron and steel melting, rolling, 

etc. ; ee s 1 225-8 
Iron foundries ~ ‘ 116°4 107-9 
Tinplate manufacture oa 12:5 8-6 
Steel sheet manufacture 22°6 19-7 
Iron and steel tubes (incl. melt- 

ing and rolling in integrated 

works) ; $2-9 50:7 
Non-ferrous metals, smelting, 

rolling, etc. es ‘ 117-6 114-6 

Engineering, Shipbuilding and Elec- 

trical Goods 2,144-2 2,090: 3 
Shipbuilding and ship repairing 214:1 198-9 
Marine engineering 78-9 78-0 
Agricultural machinery (excl 

tractors) 40:1 39:3 
Boilers and boiler-house plant 33:3 33-5 
Machine tools . - 120-8 112-8 
Stationary engines 27:9 26:5 
Textile machinery and acces- 

sories . 58-7 51-5 
Ordnance and small arms 59-3 58-5 
Constructional engineering 86°8 88-1 
Other non-electrical engineering 699-4 686-4 
Electrical machinery 203-6 210-0 
Electrical wires and cables 65:0 60-4 
Telegraph and telephone appara- 

tus : 61-3 58:4 
Wireless apparatus (excl. valves) 

and gramophones 142-5 1343 
Wireless valves and electric lamps 52-2 $3-3 
Batteries and accumulators 18-4 19-5 
Other electrical goods 181-9 180-9 

Vehicles 1,208 -5 1,198-0 
Manufacture of motor vehicles 

and bicycles ~~ . ‘ 314-7 315-7 
Motor repairers and garages 290-9 298-9 
Manufacture and repair of air- 

craft ; ; 258-8 247°5 
Manufacture of parts and acces- 

sories for motor vehicles and 

aircraft .. : 174:°6 173-3 
Locomotive manufacture 76:3 73-1 
Manufacture and repair of rail- 

way carriages and wagons and 

trams ws 86-1 82-0 
Carts, perambulators, etc . 71 7:5 

Metal Goods not elsewhere specified 515-2 504-7 
Tools and cutlery 42:3 40-3 
Bolts, nuts, screws, rivets, nails, 

etc. 42-4 40-9 
Iron and steel forgings, not else- 

where specified .. 42:0 40-4 
Wire and wire manufacture 39-6 39-2 
Hollow-ware 57-9 56°8 
Brass manufacture . 48-9 48-2 
Metal industries, not elsewhere 

specified , ; : 242-1 238-9 

Precision Instruments, Jewellery, 

etc. ee . 148°9 146-5 
Scientific, surgical and photo- 

graphic instruments, etc. 93-5 90°8 
Manufacture and repair of 

watches and clocks 17-0 18-1 
Jewellery, plate and refining of 

precious metals 29-7 29 ! 
Musical instruments , 8-7 8-5 


Source: Ministry of Labour Gazette, November, 1958 


level of activity in light engineering and for a 
recovery in the prospects of heavy engineering 
depends on the ability of the Government to 
continue an expansionist policy in the home 
market. The likelihood of this working out 
has been increased over the last few weeks by 
the encouraging performance of exports. A 
quick recovery for the steel, coal and components 
industries depends on the willingness of the 
engineering industry to stock up over the next 
few months. Beyond that the Government's 
relaxation of control of capital investment will 
begin to be of benefit and it is likely that the 
Budget in April will be a generous one for the 
taxpayer (since a general election is not far off) 
and this will stimulate the whole of the economy. 

On the cost side, raw material prices may rise, 
but these are likely to be on essential materials 
used in comparatively small quantities, such as 
lead, zinc and copper. So long as the threat of 
unemployment hangs over the trade unions their 
demands for higher wages are likely to be 
circumspect. It is quite possible, however, that 
there could be a slow recovery at first through the 
spring and then a rapid progress towards infla- 
tion, as has happened in America. At the turn 
of the year the prospect is one of recovery and 
the more rapidly this happens the greater is the 
likelihood that the Government may want to 
consider a gentle application of the brake in 
the summer. 
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ENGINEERING CENTENARIES in 1959 


Among the engineers of eminence whose works 
invite special remembrance in any survey of 
centenaries in 1959, three in particular stand out 
—John Smeaton (1724-1792), Robert Stephenson 
(1803-1859), and Isambard Kingdom Brunel 
(1806-1859); and as all three were bridge- 
builders, it is convenient to consider them first 
in this connection. The distinction that Smeaton 
achieved by the construction of Eddystone light- 
house caused him to be consulted in various 
matters affecting structures exposed to water; 
among them the old London Bridge, begun by 
Peter de Colechurch in 1176. There is a possi- 
bility that Peter was acquainted with, and was 
perhaps a member of, the ‘* Fréres Pontifes,” a 
religious fraternity which existed to build and 
repair bridges for the common good and which, 
concurrently with the construction of London 
Bridge, was engaged, under the direction of St. 
Bénézet, in building the * Pont d’Avignon” of 
the French nursery ballad, part of which still 
remains. The fraternity appears to have been 
dissolved just five centuries ago, in 1459. 

The last stones of Smeaton’s Eddystone light- 
house were set in August, 1759, and the light was 
first exhibited, according to Smiles, on October 
16. When the lighthouse was completed, 
Smeaton took into the lantern his friend 
Zachariah Mudge, father of Thomas Mudge 
(1717-1794), the famous horologist, and there 
they sang the * Old Hundredth * psalm. While 
the lighthouse was receiving its finishing touches, 
the British Army in Canada captured Quebec. 

Some 160 miles above Quebec, the St. Law- 
tence was spanned a century later by one of 
Robert Stephenson’s greatest works, the tubular 
Victoria Bridge, opened for traffic on 19 Decem- 
ber, 1859. With its approaches, it is about two 
miles long, of which 6,512 ft is in the rectangular- 
section tubes, and has 25 spans, the longest of 
330 ft (the Britannia Bridge over the Menai 
Straits, opened in 1850, is 1,511 ft through the 
tubes). Robert Stephenson, however, did not 
live to see the Victoria Bridge in use, for he 
died on 12 October, 1859, 

BRUNEL’S BRIDGE 

Tubular construction of a different kind was 
used by Brunel in the Saltash Bridge over the 
River Tamar, the top flanges of the two girders 
consisting of oval tubes, 12 ft 3 in deep and 
16 ft 9in broad, steeply arched. In the earlier 
Chepstow bridge over the Wye, he had used a 
tube of circular section, 9 ft diameter and only 
slightly arched. The Saltash Bridge was opened 
by the Prince Consort on May 2, 1859, but Brunel 
was not present. On medical advice he had 
wintered in Egypt, as}Robert;Stephenson had 
also done. On his return, a few days after the 
Saltash Bridge had been opened, he plunged 
again into the problems of completing the Great 
Eastern for sea and it was on board of her on 
5 September, two days before she was due to 
leave the Thames, that he collapsed, paralysed. 
He died ten days later. 

Meanwhile, the Great Eastern had sailed, but 
her ill fortune pursued her. On the evening of 
9 September, one of the feed-water heaters (con- 
structed round the bases of the funnels) exploded, 
hurling the funnel into the air and causing the 
deaths of a number of the stokehold crew. The 
ship proceeded to Weymouth, where repairs 
were undertaken, and thence round the coast on 
a voyage which should have continued to New 
York, but in fact ended at Holyhead; where, 
according to one account, she was the innocent 
cause of the worst shipwreck in British waters, 
that. of the steamer Royal Charter, lost on the 
coast of Anglesey on 26 October, with the loss 
of 459 lives. The passengers, homeward bound 
from Australia, had asked the master to take 
them in close enough to see the Great Eastern. 


The weather worsened. however, and the Royal 
Charter was driven on shore in Moelfre Bay. 
Reverting to the earlier centuries: in 1559, the 
University of Geneva was founded; in 1659 
‘Huyghens (1629-1695) applied a micrometer to 
a telescope—though subsequently it transpired 
that William Gascoigne (1621-1644) had antici- 
pated him in this; Robert Boyle and Robert 
Hooke together constructed an improved vacuum 
pump; and Henry Oldenburg and Richard 
Jones (later Lord Ranelagh) visited Paris, 
where they attended scientific discussions in 
the house of Henri-Louis Habert de Montmor 
and were inspired thereby to initiate the tounda- 
tion of the Royal Society in the following year. 
In 1659, too, appeared the first edition of 
D’Acres’ The Art of Water Drawing, reproduced 
in facsimile by the Newcomen Society in 1930. 
In 1759, as stated, John Smeaton completed 
the third Eddystone lighthouse; but this was 
not his only occupation, for in the same year 
he presented to the Royal Society the first ot the 
reports which were published in 1794 as an 
Experimental Enquiry concerning the Natural 
Powers of Wind and Water to turn Mills and other 
Machines, depending on a Circular Motion, for 
which he was awarded the Copley Medal. Other 
notable philosphical publications of 1759 were 
the treatise of Franz Ulric Theodor A=pinus 
(1724-1802) on electricity and magnetism (the 
first to indicate positively the connection between 
the two) and the Philosophiae Naturalis of Rug- 
giero Giuseppe Boscovitch (1711-1787). In 
Bavaria, the Munich Academy of Sciences was 
founded, and in London, the British Museum. 


RAILWAY CONSTRUCTION 


‘There is so much to record of 1859 that it is 
convenient to group the centenaries in broad 
categories. Railway development was proceed- 
ing apace in many parts of the world. During 
the year, the first sod was cut of the Punjaub 
Railway; the Government lines were opened 
with appropriate ceremonial in Victoria, Austra- 
lia; and the work was advancing rapidly on the 
Grand Trunk system in Canada, for which the 
contractors (Peto, Brassey and Betts) had laid 
out a plant in Birkenhead, Cheshire, which is 
still remembered there as “ the Canada Works.” 
The London and South Western Railway, after 
a (literal) struggle with the Brighton company, 
succeeded in securing access to Portsmouth; 
the North Kent Railway opened new stations at 
New Cross and Plumstead; the South Devon 
and Tavistock Railway came into service, as also 
did the lines of the Boston, Sleaford and Midland 
Counties Railway; sanction was obtained for 
the construction of the line from London Bridge 
to Charing Cross, and work began on the Charing 
Cross railway bridge. 

The mid-Victorian period was something 
of a Golden Age for public works contractors, 
even apart from railway and bridge construction. 
In London, work began in 1859 on the Metro- 
politan Main Drainage scheme prepared by 
Joseph Bazalgette (1819-1891), who was knighted 
in 1874 as it neared completion. Incidentally, 
just 300 years earlier, in 1559 London began to 
draw water from outside its own area by taking a 
supply from Hackney. The Inner Dock at 
Southampton was opened on May 20, 1859; 
the Canada Dock in Liverpool—first fruits of 
the creation of the Mersey Docks and Harbour 
Board; a new wet dock at Silloth, and another, 
the Bute East Dock, at Cardiff; and, as the year 
closed, Tyne Dock at Jarrow, constructed by the 
North Eastern Railway. 

An event of world-wide importance occurred 
in America on August 20, 1859, when Colonel 
E. L. Drake, of the Seneca Oil Company, suc- 
ceeded in “ striking oil * for the first time with a 
drilled borehole; much more important in the 
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long run than the discovery, two months earlier. 
of the Comstock Lode of 125 miles of gold-bear. 
ing ore, on the border of Nevada. It was ip 
1859, too, that George Pullman introduced his 
first sleeping cars. 

Other railway events of 1859 included the 
invention of the water trough by John Rams. 
bottom; the first application to a locomotive of 
the injector invented by the French engineer, 
H. J. Giffard; the evolution, by Charles Markham 
and Matthew Kirtley, of a firebox for burning 
bituminous coal, which has remained substan- 
tially unaltered since then; and Joseph Beattie’s 


introduction, on the London and South Western | 


Railway, of the 2-4-0 type of locomotive. 
In science, during 


Wilhelm Bunsen (1811-1899), of ‘* burner” 
fame, established the principle of spectrum 
analysis and the identification of Fraunhofer’s 
lines in the solar spectrum; 


developed by his collaborator Heinrich Geissler 
(1814-1879), unwittingly pointed the way to the 
discovery of X-rays by von ROntgen (1845-1923) 
in 1895; Pierre Curie was born; and James 
Clerk Maxwell (1831-1879) delivered to the 
British Association his famous paper on “ Illus- 
trations of the Dynamical Theory of Gases.” 

In October, 1859, Queen Victoria inaugurated 
Glasgow’s new system of water supply, from 
Loch Katrine, whence the greater part of the 
city’s water still comes. In the same year, work 
started on the Suez Canal; and, in London, on 
the building of the Victoria railway bridge over 
the Thames at Pimlico, and of the Alexandra 
Palace, later to become the centre for the first 
public television broadcasts. William John 
Macquorn Rankine (1820-1872) brought out in 
1859 his widely known manual entitled Steam 
Engines and Other Prime Movers; Faraday 
published his Experimental Researches in Chem- 
istry and Physics; and the Rev. Robert Main 
(1808-1878) presented to the Royal Astronomical 
Society a memoir on the Moon which led the 
Admiralty to invite him to edit the third edition 
of their Manual of Scientific Enquiry, in succes- 
sion to Sir John Hershel. 


AMERICA’S FIRST LOCOMOTIVE 


On more mundane levels, Henry R. Worthing- 
ton, in the United States, invented the duplex 
pump; Peter Cooper (1791-1883), who had built 
in 1830 the first locomotive constructed in 
America, founded in New York the Cooper 
Union, an educational establishment on the lines 
of the Polytechnic Institution of Quintin Hogg, 
which still functions vigorously; coke was first 
used in the blast furnaces of Pittsburgh; and 
there was imported into Scotland what was 
probably the first Corliss engine to be seen in 
the British Isles. 

Of the births of notable engineers which 
occurred in 1859, pride of place must be given 
to those of Professor Aurel Stodola (d. 1943), 
who did so much to establish the theory of steam 
turbine design, and Sir Robert Hadfield (d. 1940), 
whose contributions to both the science and the 
art of steelmaking were on a similar scale. 
Others who should receive mention are numerous, 
but there is space only to recall Dr. John Henry 
Tudsbery Tudsbery (d. 1939), who succeeded 
James Forrest as secretary of the Institution of 
Civil Engineers; Sir Thomas Hudson Beare, 
Regius Professor of Engineering in the Unl- 
versity of Edinburgh from 1901 until his death 


ig ii ences 
tri 


Julius Pliicker © 
(1801-1868), Professor of Physics at the Uni- © 
versity of Bonn, using the mercury vapour pump © 


1859, Gustav Robert © 
Kirchhoff (1824-1887) and his friend Robert | 


in 1940; Joseph Wright (d. 1905), whose family | 


business of railway-coach building is now the 
Metropolitan-Cammell Carriage and Wagon 
Company; Oliver Matthews Row (d. 1926), 
inventor of the “Row” tube, which greatly 
influenced the design of heat exchangers; and 
an American, George W. Ferris (d. 1896), 
designer of the first ‘“‘ Great Wheel,” erected at 
the Chicago Exposition of 1893. 
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The Human Element 


Teaching Managers Their Place 


A course designed to throw light on the role of 
the manager and on his personal responsibilities 
in our society is being held at Madingley Hall, 
Cambridge, from 29 June to 25 July. It is the 
seventh in the series organised by the University’s 
board of extra-mural studies whose chairman is 
Sir Henry Willink, Master of Magdalene College, 
and whose members include prominent business 
men such as Sir Hugh Beaver, Mr. J. O. Blair- 
Cunynghame, Mr. A. D. Bonham-Carter, Mr. 
w. W. Evans and Sir Harry Pilkington, as well 
as leading professors and lecturers. 

This year’s course will examine the oppor- 
tunities and responsibilities arising out of the 
manager's relationships with members of his 
own organisation, with institutions such as the 
trade unions, with the state and with the com- 
munity as a whole. The discussions will be 
mainly concentrated on three main topics: 
|, management and the changing structure of the 
national economy; 2. human problems in 
industry; and 3. Britain’s international position. 
These topics will be discussed in small groups, 
each under its own chairman and _ secretary 
elected from the members of the course. Each 
group will be required to present a written report 
on one or more of the topics discussed, and these 
reports will be discussed by the whole course. 
In addition, each individual will be expected to 
study and report on some aspect of the subjects 
covered by the course. 

A booklet on the course is published by the 
University of Cambridge board of extra-mural 
studies. The course is intended for experienced 
managers of industry under 40 years of age. 
Candidates—there are only 40 places—must be 
nominated by employers, who are requested to 
report fully on the candidate’s suitability for the 
course. The all-inclusive fee is £120, to be paid 
before the course begins on 29 June. 


Provocation 


The importance of the engineering industry to 
the nation and the part machinery plays in our 
everyday lives are stressed in a new careers 
booklet entitled Engineering Work for Boys 
published by the Ministry of Labour. It is an 
elementary but well illustrated introduction 
designed to intrigue and interest boys and to 
“set them thinking *’ on engineering as a career. 
Three main grades of workers are discussed— 
those who do comparatively simple jobs, crafts- 
men, and the professional engineers, research 
workers and other highly trained people. 

Another chart shows the main departments of 
a typical engineering works and the booklet 
contains a description of the different occupa- 
tions in such a factory from making the parts 
in the machine and press shops and the foundry, 
to putting them together in the assembly shop, 
testing, inspecting and adjusting. One section 
touches on the opportunities for those with 
higher educational qualifications and for selected 
craft apprentices who show particular ability in 
National Certificate courses. Information is 
given about recruitment, apprenticeships and 
other training, on conditions of work and the 
qualifications required for higher technical posts. 
The booklet is likely to achieve very well what it 
sets about to do—arouse the interest of boys in 
engineering as a career. 

The four-year full time course in chemical 
engineering at the College of Technology, 
Loughborough, Leicestershire, has been recog- 
nised by the National Council for Technical 
Awards as leading to the Diploma of Technology 
for a five-year period, as from December, 1958. 
The Hives Council, as they are generally known, 
have made substantial and rapid headway in the 


Past year and shaped very many opportunities 
no young people interested in becoming tech- 
hologis 


Smouldering Fires 


At a time when the trade union movement is 
asserting its maturity and being given rather 
free advice on how to put its house in order, 
especially on how to curb its left wing, it is 
worth pausing to remember that militancy of 
the right sort has its virtues. In an article in 
the latest issue of Optima Lord Citrine writes 
about “ Trade Unionism and the Modern Indus- 
try.” He reviews the growth of the movement 
over the years he has been connected with it and 
says that without some militancy in their make-up 
no trade-union leaders could rise from the ruck. 

This is indeed true. No man struggles up 
through any large, bureaucratic system without 
having some fire in his belly. Even the better 
known leaders of today have in many cases come 
to the top breathing fire against employers and 
the prevailing economic system. Some have not 
compromised their extreme views even when at 
the top. To some the badge of democracy is 
the open-necked shirt and the Hereafter a place 
mercifully free of employers. Others have learned 
to coo once roaring has served its purpose. The 
problem for the unions is to throw up men with 
the right mix of militancy and compromise. 

They are faced in some ways with the same 
difficulties as the employers who also today tend 
to throw up good committee men who are clear- 
headed, sound and safe. Both sides of industry 
are run by men in many cases who are in fact 
run by the system. Individualism and character 
are badly needed on both sides of the table. 


Poker Bids 


It is apparent from the wary way in which the 
Trades Union Congress has approached the 
problem of the alleged balloting irregularities of 
the Electrical Trades Union that it would dearly 
like to have nothing to do with the whole thing. 
There seemed to be a reasonable chance that if 
the naughty boy of the movement would only 
keep quiet for a while the whole awkward 
situation would be forgotten. 

Into the issue has come, however, the wish of 
the ETU to hold an international conference of 
electrical workers including those from behind 
the Iron Curtain. The exact intention of the 
union is not as yet clear but the TUC is being 
reluctantly drawn to the conclusion that a breach 
of its rules is in the offing. The ETU seems deter- 
mined to hand out a fairly substantial snub to 
Congress by making a number of moves to 
suggest that a conference is to be held while 
assuring the TUC that it will abide by the rules. 

It is difficult to avoid the conclusion that the 
ETU is bent on making as much mischief as 
possible with the means which are to hand. If 
it should play its hand too far there are those 
at the TUC who are adept at handing out rope 
for those who wish to hang themselves. 


Telling the Locals 


Manufacturing industry’s concern to have good 
relations with local residents has become wide- 
spread in recent years. Generally the reason 
was to overcome prejudice or active resistance 
to the growth of the enterprise, to explain what 
was being done to minimise the enterprise’s 
encroachment on the countryside or simply foster 
an atmosphere conducive to the recruitment of 
young people in the area. 

In the case of the Mobil Oil Company, who 
hold regular open days at their Coryton refinery, 
atmospheric pollution is the principal concern. 
On the last open day, 11 December, the BBC 
recorded the questions asked by the visiting 
residents of Benfleet and Canvey and the explana- 
tions given by the management on the refinery 
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operations. Mr. Raymond Baxter quickly out- 
lined the location and operation of the refinery 
before introducing visitors who put their ques- 
tions to the refinery manager, the technical 
division superintendent and the refinery doctor. 

The first question concerned “ the offensive 
smells about which there have been complaints 
in the neighbourhood”; the second, the com- 
pany’s contention that ‘‘ the inhalation of these 
fumes is non-injurious to the human frame,” and 
so on. It would seem that many of the objec- 
tions—though by no means all—are based on 
prejudice and ignorance. 


American Social Force 
The trade union has become in the United States 
** the basic and pivotal institution of the labour 
movement.” Its growth, with the many changes 
and storms it went through, is the subject of an 
interesting factual account entitled “* American 
Labour’s New Thinking,” published in the 
American Embassy’s Labour News Service. 
Long before the merger of the American Federa- 
tion of Labour and the Congress of Industrial 
Organizations, unions had ceased to operate 
purely as craft unions. Contrary to the practice 
of most other countries in the Western Hemi- 
sphere, all other organised labour activities are 
dependent upon and controlled by the trade 
union movement: they are its auxiliaries. 
“* Thus,”’ states the article, “the unions have 
broadened their field of activity. They are not 
only interested in exercising their economic 
strength on the industrial front but have extended 
their interest to all social and economic areas, 
and to effectively carry out these new responsi- 
bilities the unions have created various divisions 
for the conduct of their additional activities.” 
The United States union movement has so 
broadened its activities and influence that “* it is 
no longer an outcast fighting for status, but a 
highly responsible, social conscious force in our 
society.” The new spirit is motivated by “a 
practical down to earth progressiveness which 
relies on militant trade unionism, buttressed by 
assertive political effort, and other activities in 
fields affecting the worker and society.’ This, 
the authors argue, makes it possible for the 
unions to resist more effectively the encroach- 
ments of Communism and to serve more realistic- 
ally “their members’ needs in a period of 
marked technological and social change.” 


Survival of the Slickest 


The question of the control of evolution is a 
fascinating subject. Speaking before the Royal 
Institution of Great Britain recently Professor C. 
D. Darlington gave a paper called ** The Control 
of Evolution in Man.” 

Professor Darlington pointed out that more 
primitive communities paid greater attention in 
their way to the effect of evolution in selection 
of the species than we do today. Man has 
however been interfering with his evolution ever 
since history began—probably even before. 
The punishment of crime affects the reproduction 
of the criminal. classes. Education affects or 
determines the mating group of those who pass 
through the system. Taxation affects the num- 
ber of children in different classes and so do 
subsidies. Here is a sinister one: each genera- 
tion of a stable society “ will become more 
dependent on medical treatment for its ability to 
survive and reproduce.” 

Modern authorities are unaware of the genetic 
consequences of their policies but three new pro- 
cesses today direct attention to the question. 
These are ionising radiation, sterilisation, and 
artificial insemination. The effect of radiation 
on human breeding is not yet known but it may 
have the same effects as too much inbreeding. 
Sterilisation is a negative way of propagating 
intelligence. Insemination is the positive way 
but secrecy prevents adequate study. It is the 
modern substitute for illegitimacy, a dying 
‘* institution ” in the modern world, but used by 
former generations to improve interbreeding. 
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Atomic Review 


World Programme 


TOMIC energy has in a few years achieved 
such importance and prestige that there are 
few countries without a nuclear programme of 
some kind. As a background to other notes 
appearing in Atomic Review from time to time 
the nuclear activities of eleven countries are dis- 
cussed below. The series, which will be con- 
tinued, began on 29 August, 1958, with sum- 
maries of the United Kingdom, United States, 
Soviet, French, Canadian, Indian, Australian 
and South African programmes. Brief accounts 
of five international bodies were also given. 


Argentine 


The National Atomic Energy Commission of the 
Argentine Republic (CNEA) was set up in 1950, and 
trained a group of scientists and technicians. 


Resources 


A pilot plant for the production of metallic 
uranium from Argentine minerals is in operation in 
the vicinity of Buenos Aires. 

Reactors 

On 9 April, 1957, it was decided to build an experi- 
mental reactor similar to the Argonne National 
Laboratory’s Argonaut. The assembly of the reactor 
was begun in August of that year, and it went critical 
on 17 January, 1958, normal operation starting on 
20 January. The reactor, the RA-1, is a hetero- 
geneous reactor using 20 per cent enriched uranium 
oxide contained in aluminium water-cooled cans, 
the water acting as a moderator, jointly with 
graphite. The reactor is designed for use in general 
research, in testing the uranium produced at the 
CNEA plant for purity, and for the small-scale pro- 
duction of radioisotopes. 


Belgium 


The Centre d’ Etudes pour les Applications de I’Energie 
Nucléaire (now the Centre d’Etude de l’Energie 
Nucléaire) was founded in 1952 and is concerned with 
research into the practical applications of atomic 
energy. 


Resources 
Extensive uranium deposits in the Belgian Congo. 
Reactors 


BR-1, operated at the research centre at Mol, is 
natural-uranium fuelled and graphite moderated, and 
was brought into operation on 11 May, 1956. The 
thermal capacity is 3 MW. Cooling is by air in an 
open circuit. 

BR-2, the Materials and Engineering Test Reactor 
(METR), also at Mol, should become critical about 
the end of 1959, will be light-water cooled and 
moderated and fuelled with uranium enriched to 
90 per cent. The design was made by the Nuclear 
Development Corporation of America. Its purpose 
is research in engineering, metallurgy and physics. 

BR-3, the Belgian Thermal Reactor (BTR), is also 
to be erected at Mol, and is planned to be a first 
pilot power reactor, with a capacity of 11-5 MW. It 
is to be a pressurised-water reactor using uranium at 
4 or 5 per cent enrichment, and should become 
critical by the end of 1959. Plans for the first Belgian 
nuclear power station, with a capacity of 150 MW, 
are in hand and it is scheduled for operation in 1960 
or 1961. There is to be a total of four such plants 
by about 1967. 


International 


Belgium has concluded bilateral agreements with 
the United Kingdom and the United States, which 
provide for the delivery of Congo uranium and for 
technical co-operation and assistance in the training 
of Belgian atomic scientists. Belgium is also a 
signatory of the Euratom Treaty. 


Industrial Consortia 

Société Co-operative Electronucléaire was intended 
to erect and operate the BR-3, but this object has 
been abandoned (although the company still exists). 
Members are mainly electricity supply companies. 

Société Belge pour I'Industrie Nucléaire (Belgo- 
nucléaire) has as its object the creation and applica- 
tion of nuclear energy, the manufacture and exploita- 
tion of nuclear reactors, the manufacture and treat- 
ment after irradiation of nuclear fuel elements, and 


the production and use of radioactive isotopes. It 
includes some 30 major industrial firms. 

Syndicat Uraninga was established in January, 1958, 
to study the feasibility of establishing a uranium 
isotope separation plant at the site of the proposed 
hydroelectric plant at Inga on the Lower Congo. 


Brazil 


The Comissao de Energia Atomica was set up on 
10 November, 1956, for the purpose of planning 
nuclear energy developments. The policy of develop- 
ing the interior of the country, which is exemplified in 
the building of the new capital city, is extremely 
favourable to the utilisation of nuclear power, for 
reasons both of transport and lack of geographically 
immediate resources. 


Resources 


Monazite sands and zirconium are found in Brazil. 
Two plants are being set up for the treatment of 
uranium-bearing ore: for the production of sodium 
uranate and uranium metal respectively. An ultra- 
centrifuge plant is also to be installed at Rio de 
Janeiro for the production of uranium slightly 
enriched with uranium 235. 


Reactors 

The IEAR-I research reactor is a swimming-pool 
reactor, Operating at 5 MW and installed at the 
Instituto de Energia Atomica, Sao Paulo. Other 
reactors planned are a 10 kW research reactor using 
20 per cent enriched uranium for the University of 
Minas Gerais at Belo Horizonte, a natural-uranium 
reactor for the Instituto Tecnologico da Aeronautica 
at Sao Jose dos Campos, and an Argonaut-type 
research reactor for the University of Brazil, Rio de 
Janeiro. In the field of nuclear power there are plans 
in progress for at least one nuclear station of 100 to 
150 MW to serve a network in the central-southern 
region of the country, one or more stations of 10 to 
100 MW to serve independent centres, and the 
eventual installation of various small units of from 
1 to 10 MW in smaller and more isolated regions. 


Chile 


In the main, fuel is available either as a natural 
resource, or easily transported from the coast, and 
the Chilean authorities have considered, following a 
study by the State Electricity Undertaking (ENDESA), 
that at present plans for the installation of nuclear 
power plants would be premature. Research is being 
carried out in the field of nucleonics at the University 
of Chile at Santiago, the University of Concepcion, 
and the Santa Maria University of Valparaiso. 
Resources 

Prospecting has shown samples of from 0-004 to 
2 per cent purity of uranium oxide, but these finds 
have not yet been exploited. An agreement for joint 
United States and Chilean prospecting was signed in 
1956, and also allows for negotiations for the develop- 
ment, production and sale to the USAEC, of any 
economic deposits discovered. Such discoveries 
would influence Chilean thought on nuclear power. 


Cuba 


The Cia Electrica Habana del Estesa plans to 
establish a 22-5 MW nuclear power station in Pinar 
del Rio. An experimental reactor is being supplied 
to Havana University, largely financed by a United 
States grant. 


Czechoslovakia 


At present coal represents 97 per cent of primary 
sources of energy in the Czechoslovak power industry, 
and therefore further develoment of the economy 
must depend on other patterns. 


Resources 
Czechoslovakia is one of the largest producers of 
uranium, shipping most of her output to the USSR. 


Reactors 


The research reactor of the Czechoslovak Academy 
of Sciences Institute of Nuclear Physics supplied by the 
Soviet Union forms the focus of a research centre 
for work in nuclear physics and radiochemistry. 
Work began late in 1958 near Banska Bystrica in 
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Central Slovakia on a nuclear power station of 
150 MW using a reactor fuelled with natura) 
uranium and heavy-water moderated. This station 
is planned for completion in 1960, and a furthe 
station in 1962. 


Denmark 


Denmark has almost no natural fuel resources and 
a high annual rate of increase in the consumption of 
power. The Danish Atomic Energy Commission 
was constituted in December, 1955, following the § 
work of a preparatory commission which has negoti- 


ated bilateral agreements with the United Kingdom 7 


and the United States. 


Resources 
Some uranium and thorium in Greenland. 


Research 


Work was begun in July, 1956, on Ris6 Research a 


Establishment, which was inaugurated in June, 1958. 
Here are to be operated three research reactors. 


Reactors 

DR-1 (Danish Reactor No. 1) is a low-energy 
reactor of the homogeneous type, fuelled with uranyl 
sulphate 20 per cent enriched and moderated and 
cooled with ordinary water. It is intended for 
educational purposes and physical experiments. 
Work began in August, 1956, and the reactor was 
commissioned in August, 1957. 

DR-2 is a heterogeneous tank-type reactor, also 
light-water moderated and cooled, using MTR-type 
fuel elements, 90 per cent enriched. Work began in 
August, 1956, and was scheduled to be completed at 
the end of 1958, when the reactor would provide 
facilities for neutron exposure experiments and 
isotope production. Both these reactors were pur- 
chased in the United States in July, 1956. 

DR-3, bought in the United Kingdom in June, 
1957, is a heavy-water moderated and cooled high- 
flux reactor of the Pluto type as constructed for 
Harwell and Dounreay, using MTR-type fuel elements 
highly enriched. Work began in September, 1957, 
and is expected to be completed late in 1959. 


Consortium 


Danatom, which is formed from the larger electric 
power companies, engineering and shipbuilding firms, 
has carried out studies in the field of power reactors, 
and is watching industrial developments abroad. 


Egypt 


A research reactor supplied by 
constructed at Cairo, 
laboratory. 


Russia is being 
and will be the basis of a 


Finland 


Plans have been completed for the construction 
of an experimental pile of | MW for the Helsinki 
Institute of Technology. The State Atomic Energy 
Commission has restricted its activities to research 
and training until now, and engineers are being 
trained in the United Kingdom, the United States 
and Norway. An agreement was concluded with 
the United Kingdom in 1957 for the supply of 
natural uranium for the experimental pile. 

The two main consortia in Finland are Atomi- 
ernergia Oy, and Voimayhdistys Ydin. The latter 
group have financed the Helsinki Institute of 
Technology pile. 


East Germany 


East Germany’s first nuclear reactor was reported 
in 1957 to be about to go into action at Rossendorf, 
near Dresden. The 2MW water-cooled reactor, 
delivered by Russia and run on Russian enriched 
uranium, is intended to produce radioactive isotopes. 


West Germany 


Work on nuclear research and development did not 
begin until 1955, and it was about that time that the 
balance of energy resources changed; the gap between 
domestic supplies and requirements is widening 
rapidly. 
Resources 

Certain uranium deposits exist, and there have 


been intensive recent explorations. A uranium mill 
is to be set up in the vicinity of the most important 








E 


NGI 


Research I 


Location 


Type 


T 


hermal 
in kW 


Thermal 


neutrol 
sq. cm | 


Reactor ( 


Moderat: 


Fuel 


Pi 
s 
= 
¢ 
= 


Operato! 


Design 


Present 


Start ui} 


Project 


Cor 


Fuel 


Coola 
Mode 
Electr 
Rema 


of tl 
to ¢ 
Othe 
Uni 
expe 
diffe 
hea’ 
Res 


und 
int 


cur 
anc 


pin thie a 


of 
Jal 
i0n 
her 


ind 
1 of 
ion § 
the § 
Oti- 
om 


58, 


‘gy 
ny! 
ind 
for 
Its, 


ric 
ns, 
rs, 


on 
ki 
gy 
ch 
ng 
es 
th 
of 


li- 
er 
of 


ed 
rf, 
yr, 
od 


ve 
ill 
nt 


ee. 





rch 3 


ENGINEERING January 2, 1959 


TasB_t.—Research and Projected Power Reactors Reactors in the Federal Republic o Germany 


Research Reactors 





Location Garching near | Geesthacht Frankfurt Berlin Stetternich -- Karlsruhe 

. Munich near Hamburg near Cologne 

Type .| Swimming pool| Swimming pool Water boiler Water boiler MERLIN DIDO Tank type 

. (homogeneous) | (homogeneous) | swimming pool tank type (heterogeneous) 


Thermal capacity 


- 1,000 5,000 (final) 50 
Thermal flux, 
ns per 
seeppneses 6-6. 10" 2.10" 10"? 


sq.cm per sec 


Reactor coolant Light water Light water Light water 


Moderator Light water Light water Light water 
Fuel Uranium Uranium UO,SO,-H,O 
20 per cent 20 per cent 20 per cent 
enrichment enrichment enrichment 
Operator Technical Gesellschaft University 
College of fiir Kernener- | of Frankfurt 
Munich gieverwertung 
in Schiff bau 
und Schiffahrt 
GmbH, 
Hamburg 
Design AMF Atomics | Babcock and North 


Inc. Wilcox Co., 
ii. New York 


American 
Aviation Inc. 


Present status In operation | Construction In operation 


completed 

Start up 1957 1958 1958 
Projected Power Reactors 

Construction German Babcock Siemens- 

group and Wilcox Schuckert 
Fuel ‘ Natural uranium Natural uranium 
Coolant Gas Heavy water 
Moderator Graphite Heavy water 
Electrical capacity 100 MW 100 MW 
Remarks : Based on Calder 
Hall type 


of these deposits, both to handle this output and 
to carry Out general study of processing techniques. 
Other supplies will be obtained from Canada, the 
United States and Euratom. 

The production of graphite of nuclear quality is 
expected to raise no difficulties. The first of three 
different projected pilot plants for the production of 
heavy water has been completed. 

Research 

There are seven research reactors in operation, 
under construction or planned at present, as detailed 
in the accompanying table. 

Thermonuclear work includes research on high- 
current electrical discharges at GOttingen, Munich 
and Aachen; additional work is in progress at Kiel, 
Hannover and Stuttgart. Both linear and toroidal 
discharges have been investigated. 


Power Reactors 


The power reactors listed in the table should 
be in operation by about 1965, giving a total 
output of approximately SOOMW. A further 
1,000 MW may be installed by 1967. In addition, 
the construction of two or three reactors of foreign 
design is being considered as a possible supplement 
to this programme. Of these, one is a 15 MW 
prototype boiling-water reactor to be built for 
Rheinisch-Westfialisches Elektrizitaétswerk AG (RWE) 
at Kahl-am-Main by AEG in association with the 
International General Electric Company of America 
and Hochtief AG (civil engineers) of Essen. It is 
expected to be operational in late 1960. An original 
order for a boiling-water reactor of similar capacity 
was cancelled. RWE are also considering an advanced 
type of Calder Hall reactor. Arbeitsgemeinschaft 
Deutscher Energieversorgungsunternehmen zur Vor- 
bereitung der Errichtung eines Leistungsversuchs- 
Reactors eV (AVR) have awarded a development 
contract for a 15 MW _  gas-cooled reactor with 
ceramic fuel elements to Krupp—Brown-Boveri. 
It is expected to come into operation at Stetternich 
near Julich by the end of 1961 and will serve as a 
Prototype for the 100 MW reactor listed in the table. 
Other groups of power companies are studying 
the possibilities of nuclear power. 


Propulsion 
The Studiengesellschaft zur Férderung der Kern- 


energieverwertung in Schiffbau und Schiffahrt eV 
represents the four northern Lander, and is supported 
by the Linder Governments, the Federal Govern- 
ment, an the shipowners, shipbuilders and other 
industr ms in the area. An experimental reactor 


Uranium, slightly 


(heterogeneous) 


50 5,000 10,000 10,000—12,000 


10'* 
Light water 


5.10" 
Light water 


10"! 
Heavy water 


.. 
Heavy water 


Light water Light water Heavy water Heavy water 


UO,SO,-H,O Uranium Uranium Natural 
20 per cent 80 per cent 90 per cent uranium 
enrichment enrichment enrichment 
Institut fiir Gesellschaft zur Férderung Kernreaktor 

Kernforschung,| der kernphysikalischen Fors- Bau-und 

Berlin chung Betriebsgesel!- 
schaft mbH 
Karlsruhe 
North AEI Head Kernreaktor 
American John Thomp- Wrightson Bau-und 
Aviation Inc. son Proc. Ltd. Betriebsgesell- 
Nuclear Energy schaft mbH, 
Co. Karlsruhe 

Construction Planned Planned Under 

completed construction 
1958 Late 1959 1961 1959 
AEG Krupp— German— United 


Brown-Boveri States Co-operation 


Uranium, enriched 


enriched 
Light water Gas Organic liquid 
Light water - Organic liquid 
100 MW 100 MW 100 MW 


High-temperature 
advanced homo- 
geneous system 


To be developed in 
collaboration with 
an American firm 


(see research-reactor table) is in operation, and there 
are plans to produce an operational reactor in 1959, 
and to put the first German nuclear-powered ship into 
service in 1961. 


Consortia 
The main groups are those centred upon the 
Allgemeine’ Elektrizitats Gesellschaft; Siemens- 


Schuckert. Werke AG; Friedrich Krupp, together 
with Brown-Boveri und Cie AG; and the Deutsche 
Babcock und Wilcox Dampfkessel Werke AG. 
International Agreements 

Bilateral agreements have been concluded with the 
United Kingdom, the United States and Canada; 
the Federal Republic is also a member of 
Euratom, the European Nuclear Energy Agency of 
OEEC, and the International Atomic Energy Agency. 


Netes and News 

Three New Reactor Concepts 

The United States Atomic Energy Commission 
have selected, as bases for contract negotiations, 
proposals for studies of three new reactor con- 
cepts. The proposals were submitted by Ameri- 
can Radiator and Standard Sanitary Corpora- 
tion for a study of a mercury-cooled, fast breeder 
reactor; General Electric Company for a study 
of a modified sodium-graphite reactor with 
modules containing fuel and coolant, and Bab- 
cock and Wilcox Company for a study of a gas 
suspension coolant reactor. Each of these 
studies is estimated to cost about $150,000. 


Modular Nuclear Power Plant 


The USAEC have received nine proposals from 
industry to design, develop, construct, install 
and test operate a factory-assembled, modular 
nuclear power plant. The new plant will use 
advanced technology to provide factory-assem- 
bled modules or units which can be air-trans- 
ported to a remote site and rapidly assembled. 
The modular concept will also enable the plant 
to be disassembled and relocated. The pro- 
posals were in response to a joint AEC-Air Force 
invitation issued last October. The plant will 
have a pressurised-water reactor, cooled and 
moderated by light water, and fuelled with 
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enriched uranium. It will produce 1,000 kW of 
electricity and approximately 2,000 kW of heat. 


Reactor Designs by Westinghouse 

Westinghouse Electric Corporation has dis- 
closed work on new reactor design concepts 
which are part of six major development and 
construction programmes under way at its atomic 
power department in Pittsburgh. The major 
reactor development programmes now under 
way include pressurised-water reactors for the 
Yankee Atomic Electric Company, Rowe, Mass., 
and Centre d'Etude de Il’Energie Nucléaire, Mol, 
Belgium; a pressure-tube reactor for Carolinas- 
Virginia Nuclear Power Associates, Inc., and a 
homogeneous reactor for Pennsylvania Power 
and Light Company, Allentown, Pa. Reactor 
studies include the use of thermoelectric materials 
in the reactor fuel elements to convert fission 
heat directly into electricity; and the develop- 
ment of an organic-moderated fluid-bed reactor 
in which conventional control rods are not 
necessary and the fuel is in the form of pellets 
floating in oil. 

Direct Conversion.—Thermoelectric substances 
can convert the heat of a burning fuel, or other 
high-temperature source of heat, directly into 
electricity. It has been reported that the 
Westinghouse Research Laboratories have dis- 
covered a new “essentially unexplored ”’ class 
of these materials which can operate at tempera- 
tures in the range of 2,000 to 3,000° F (1,000 
to 1,700° C). One of the most attractive poten- 
tial applications of thermoelectric materials is 
said to be in nuclear reactors where desired con- 
ditions are found: concentrated heat source, 
high temperatures, and electric power as the end 
product. A plastic model of a thermoelectric 
nuclear fuel element has been displayed by 
Westinghouse, but final design configurations 
have not been determined. It is expected 
that the element will be a flat plate with electrical 
connections at each end. The nuclear fuel will 
serve as the heat source and will be completely 
clad with a material such as stainless steel to 
prevent spread of radioactive products. The 
thermoelectric material will surround the fuel. 

Organic Moderated Fluid Bed Reactor.—The 
Organic Moderated Fluid Bed Reactor (OMFBR) 
is being developed by Westinghouse for the city 
of Burlington, Vt. Instead of using movable 
control rods and fuel elements in a fixed position, 
this plant will use small marble-sized fuel pellets. 
Conventional control rods will not be necessary. 
The fuel pellets will lie in a large cylindrical 
container, open at the top, and with fluid flow 
holes in the bottom. Surrounding this container 
will be the reactor vessel. Before start-up, the 
fuel pellets rest in a settled, packed bed. By 
proper choice of fuel enrichment and pellet 
size, no chain reaction would occur in this 
condition because of the close spacing of the 
pellets. To start the reaction, the flow of oil 
would be increased, thus lifting the pellets and 
dispersing them uniformly through the fluid. 
By controlling the oil flow, the chain reaction 
may be increased or decreased. 


Britain and Euratom 


Co-operation between Britain and Euratom 
will formally begin on January 20 when an 
agreement will be signed in London. The 
draft agreement has already been approved by 
the European Atomic Energy Community. 


Euratom and America 


It has been announced that Euratom and the 
United States Atomic Energy Commission have 
created a joint research and development board, 
with headquarters provisionally in Brussels. 
The agreement for co-operation is due to be 
ratified about the middle of February. Power 
reactors based on American designs with a total 
capacity of 1,000 MW (equivalent to two 
Hinkley Point type stations) are to be installed 
during the next five to seven years. Funds 
for the next five years will be about $100 million 
(£36 million) to be spent equally in America and 
the Euratom countries, and contributed equally 
by the two parties. (See Atomic Review, 4 July, 
22 and 29 August, 1958.) 
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Special Article 


FIRST VANGUARD OFF THE LINE 


In about 15 months’ time, British European 
Airways expect to take delivery of the first of 
their 20 Vanguard turbo-prop airliners which 
will augment the Viscount fleet; and later in 
1960 deliveries to Trans Canada Airlines—who 
also have 20 on order—will begin. The first 
five Vanguards off the production line are to be 
used for certification flying—and the first of 
these, illustrated on the right, is now ready to fly. 

Four Rolls-Royce Tyne propeller turbine 
engines power the Vanguard. The _ present 
rating of the Tyne (Stage 1) is 4,695 e.h.p. By 
1961, Stage 2 Tynes developing 5,315 e.h.p. 
will be available, and moreover it will be possible 
to convert the lower-powered version to the 
Stage 2 type. The performance figures quoted 
in the accompanying table are therefore appro- 
priate to the Stage 2 Tyne. By 1963 a still more 
powerful Version should be developing 5,760 
e.h.p. 


Leading Particulars and Performance of the Vanguard Airliner 


Type 951 
(BEA early Mark 2 
aircraft) 
Dimensions 
Wing span “ se os 118 ft 
Fuselage length 122 ft 10-4in | 
Height e sa | we ‘a As Mark I 
Gross wing area re 1,529 sq. ft 
Cabin width . 10 ft 9 in ) 
Weights 
Maximum take-off weight 135,000 Ib 141,000 Ib 
Maximum landing weight 108,500 Ib 121,000 Ib 
Maximum zero fuel weight 98,500 Ib 112,500 Ib 
Capacities 
Maximum payload 21,000 Ib 29,000 Ib 


Seating, mixed (typical) ..| 36 Fand S50 T 
Seating, tourist class .. j 96 


72 Ec and 42 T 
97 
Seating, “‘economy” class... 117 139 


Under floor freight holds i 1,360 cu. ft ) 
Total capacity as freighter (no | 
passengers) + ..| 7,050 cu. ft > As Mark I 
Fuel a ie - ‘ 5,100 Imp. 
gall 


Performance 
Runway length for take-off at 
maximum weight, standard 


conditions 2,150 yards 


Cruising speed - ..| Over 420 m.p.h. As Mark | 
Stil air range with maximum 

payload, no reserve fuel 3,200 miles 2,300 miles 
Ditto, with fuel reserves for 

1 hour’s holding at 5,000 ft 

and 230 mile diversion 2,600 miles 2,000 miles 


There have been three major stages in the 
development of the Vanguard. The original 
version for BEA was stressed for a payload of 
21,000 Ib, and the first six aircraft to be delivered 
to BEA will be of this type. The next variant 
was for TCA, who required a higher payload 


The inboard end of the right wing torsion 
box; on the left, the plate rib forms 
one end of the integral fuel tank. 
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to enable them to carry express mail as well as 
a full complement of passengers; accordingly, 
the structure was strengthened to permit the 


carriage of 24,000lb payload. The standard 
version now on offer is still further strengthened 
to carry 29,000 lb, and the majority of BEA’s 
fleet will be of this type. On this latest Vanguard, 
the makers claim, fares could be reduced by as 
much as 30 to 50 per cent below present fare 
levels in Europe with the same percentage 
profit. All versions are dimensionally identical. 
Vickers-Armstrongs (Aircraft) Limited have 
designed the Vanguard specifically for medium- 
haul routes where the passenger traffic is highly 
seasonal. On such routes, to answer peak 
demands, time spent on the ground must be 
cut to the minimum. The Vanguard is therefore 
arranged for ready maintenance access and 
particularly for rapid en-route servicing. Galley 
provisioning and freight loading are carried out 
from the starboard side of the aircraft while 
passengers are on and off-loaded through doors 
on the port side, at the front and the rear. 
The passenger doors incorporate built-in hydrau- 
lically operated steps. For easy freight handling, 
the two under-floor holds give sufficient head- 
room for personnel to work inside, and large 
doors—approximately 5 ft 6 in by 4 ft—are pro- 
vided for each hold. A single pressure-fuelling 
point on the port wing enables fuel to be taken 
on board at the rate of 600 gallons a minute. 
Conversely, the operators’ off-peak problem 
is reduced by the double-bubble configuration 
of the Vanguard, which allows the use of the 
top deck for passenger carriage, while almost the 
whole of the lower deck space is available for 


freight carriage in two pressurised compartments 
of capacity 750 cu. ft forward and 610 cu. ft aft, 
The freight floors are stressed to 150 Ib per 
sq. ft. Thus, in off-peak periods when passenger 
traffic is low, or is largely in one direction, it is 
possible to use the Vanguard as a profitable 
freighter, without interfering at all with the 
passenger cabin furnishings. It would naturally 
be possible also to use the top deck, unfurnished, 
for low-density freight carriage, giving: an 
additional 5,960 cu. ft of space. 

The cabin is planned to give the layout 
flexibility that all operators now demand. At 
each end of the cabin are two toilets and a 
galley, which simplifies the work of the stewards 
in a large aircraft, particularly where mixed-class 
traffic is involved and different feeding arrange- 
ments apply to each class. One of the weak 
points of BEA’s Viscounts is that passengers in 
the front seats are in the plane of the propeller 
discs—that is, in the plane of maximum noise; 
in the Vanguard this has been overcome by 
placing the two front toilets in line with the 
propellers. Removable partitions and universal 
seat rails are provided so that the seating 
arrangement can be varied from high density 
to luxury layout as required. 

Surveying briefly the main engineering features 
of the Vanguard, the basic philosophy has been 
to use so far as possible those systems and 
components that have proved successful on the 


Detail of the rear passenger door cutout 
and surrounding structure, illustrating the 
multiplicity of load paths provided by the 
heavy surround members and doubler plates. 
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Viscount. In the wing structure, however, 
there are radical differences which have come 
about largely from the need to provide large 
integral wing tanks, as opposed to the flexible 
“bag” tanks of the Viscount, in order to get 
the required capacity. This has resulted in a 
“fail-safe” approach to the structural design, 
which is well illustrated in the photographs 
reproduced here, taken during construction of 
the first aircraft. The main wing structure is 
4 three-web torsion box extending from wing-tip 
to wing-tip. The top and bottom members of 
the torsion box comprise 
integrally stiffened light al- 
loy panels milled from solid 
slab some 2in __ thick 
(ENGNG., 19 Sep. °58, p. 
379), a total of 54 panels 
being used. Should any 
part of the torsion-box 
members develop a crack, 
the remainder of the struc- 
ture can take the load. 

There are four integral 
tanks in the outer wing 
torsion box; the inner tanks, 
each containing 1,850 gal- 
lons; the outer tanks, 750 
gallons each. Loads from 
the main under-carriage 
units are transferred to the 
torsion box through two 
solid machined ribs to which 
also are attached the in- 
board engine members. The 
whole of the wing leading 
edge is detachable giving 
ready access to the engine 
control runs. 

Three-web torsion boxes 
also form the main struc- 
tural members of the tail 
surfaces, but here the top 
and bottom members are of 
conventional built-up skin 
and stringer of construction. 

The semi - monocoque 
fuselage embodies the mod- 
ern concept of providing 
alternative load paths in 
highly stressed regions, as 
may be seen in the illustra- 
tion of the door cutouts, 
which shows the rear pas- 
senger door aperture, with 
heavy surround members 
and doubler plates. The 
centre wing torsion box is 
built into the fuselage centre 
section, the webs picking up 
on three heavy frame mem- 
bers. Immediately forward 
of the wing centre section 
on the lower deck is housed 
the electrical compartment, 
access to which is through 
floor hatches which, like the 
cabin windows, are the 
Same size and shape as 
those of its forerunner the Viscount airliner. 

Although this short survey is concerned 
primarily with the design of the aircraft rather 
than its construction, some reference should be 
made to the assembly procedure, which departs 
completely from Viscount practice; in a large 
aircraft like the Vanguard, it is essential to 
employ highly developed jigging designed to 
allow many more men to work on the com- 
ponents and to cut down the time spent by 
individual components in the jigs; the type of 
Jigging used also improves quality control and 
interchangeability. The Viscount was erected 
on the classic principle of setting up the frames 
complete, then affixing stringers and skin. In 
the Vanguard, the reverse process is adopted. 
The complete fuselage is built up from five main 
assemb|ies—nose, forward, centre, aft and tail 


sections Envelope jigging is employed for 
gb iting segmental fuselage panels complete 
with st 


gers, window and door openings, etc. 








In the case of the tail portion and those portions 
of the fuselage immediately aft and forward 
of the centre section, each side is erected in a 
vertical fixture provided with all the necessary 
services. The two side assemblies are then 
brought together with the floor structure, which 
has already been set up in a second fixture, and 
the top and bottom panels are added. The 
centre fuselage, which, as already described, 
incorporates the centre wing torsion box, is 
built up complete in a single fixture; and the 
nose section is built up from two horizontal 


(Left) The left front fuselage 
half body immediately prior 
to being offered up to the 
front fuselage assembly jig. 


(Right) The front 
fuselage half bodies 
undergoing marry- 
ing up in the second 
stage jig. The 
floor members play 
a structure role in 
tying the half bodies. 


(Lower left) Rear fuse- 
lage assembly in transit 
to the third-stage jig. 


(Lower right) The completed 
centre section portion of the 


five fuselage 


sub-assemblies. 
portions are brought together in a third fixture. 
In general the services and systems on the 


Completed, the 


Vanguard follow well-established lines. The 
flying controls are entirely manually operated, 
spring tabs being fitted on each surface. Under- 
carriage retraction and lowering is hydraulically 
operated, with mechanical up-locks; and emer- 
gency lowering is by gravity. The 3,000 Ib per 
sq. in hydraulic system provides also for operating 
the wheel brakes (two systems), the nose wheel 
steering, the propeller brakes, the landing flaps, 
and the built-in passenger steps. The trailing 
edge flaps differ from those on the Viscount in 
that they are of constant chord Fowler type and, 
hence, the operating linkage is simpler. 

The cabin is pressurised to a maximum differ- 
ential of 6-5 lb per sq. in by two Godfrey blowers. 
A cold-air unit and electrical heaters are installed 
in the nose compartment. 

Wing de-icing is by ducting exhaust-heated 


wing torsion box is placed in position in the fuselage centre section jig. 
fuselage and floor structure will now be added to complete this major section. 
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ram air through leading edge ducts, and the tail 
surfaces are provided with electrically heated 
cyclic de-icing mats. The windscreen, propellers, 
spinners and nose cowlings can also be electrically 
heated; and the fuel supply to each engine is 


automatically warmed by hot engine oil. 

The main electrical system is 28 volt d.c. It 
is supplied by four 500 A transformer/rectifiers 
which in turn are supplied by four engine-driven 
variable frequency alternators (50 kVA at 200 V). 
These four alternators also supply their respec- 
Two 


tive power-plant de-icing systems direct. 





The 





additional and similar alternators driven by the 
outboard engines provide, respectively, regular 
and standby supplies for the tail surface and 


windscreen de-icing systems. Two _ inverters 
provide 400 c/s three-phase 200 V power for the 
instruments, radio, radar, and the autopilot. 

As already noted, design for rapid mainten- 
ance has been one of the main considerations of 
the Vickers team, and the company policy is to 
use design office personnel as well as sales or 
field representatives to deal direct with the 
operators on serious technical problems. The 
experience that the design team have thus gained 
on the Viscount has been put to good use on 
the Vanguard. For instance, the main com- 
ponents of the electrical, hydraulic, and the air 
conditioning systems are accessible through 
hatches under the fuselage at standing height; 
and allcontrol runs are readily accessible, through- 
out the length of the freight holds and the full 
span of the wing trailing edge. 








Companies in the News 


Step in the Right Direction 


The turning of a disused cotton mill into a modern 
factory for the manufacture of electrical products 
is the latest contribution by Dorman and Smith 
Limited to the industrialisation of development 
areas. The company already have two factories 
in West Cumberland, D. S. Plugs Limited and 
Alorite Limited. They were established nearly 
80 years ago in Salford, Manchester, and have 
now moved to Preston, taking with them key 
men from Salford and recruiting the rest of their 
labour force locally. The introduction of new 
manufactures into an area suffering from the 
contraction of the cotton industry can certainly 
be described as a step in the right direction. 

The new works, which houses the company’s 
head office, is known as Atherton Works, called 
after Mr. Thomas Atherton, chairman and 
managing director of the Dorman Smith Group. 
The principal products are switchgear, miniature 
circuit breakers, lighting fittings, fusegear and 
cable accessories. Dorman and Smith, one of 
the oldest manufacturers of switchgear in the 
country, began “‘ within a few months of the 
switching on of the first electric light in Europe.” 


Automobile Accessories 


The new factory built by AC-Delco at Kirkby, 
Liverpool, is now in operation. It is described 
as “one of the most up-to-date automobile 
accessory manufacturing plants in Europe ~ 
and represents the latest major step taken by 
General Motors Corporation to set up a fully 
integrated automobile industry in Europe. The 
additional floor space at Liverpool—320,000 sq. ft 
—increases AC-Delco’s factory area at all three 
plants to a total of over a million square feet. 
Other plants at Dunstable and Southampton 
produce a comprehensive range of motor vehicle 
components and electrical products. 

The new Liverpoool factory (Plant No. 3) 
makes fuel pumps, instruments, thermostats and 
allied products. It has its own power house 
equipped with two oil-fired 44,000 lb Yarrow 
water-tube boilers, two 1,860 cu. ft per min air 
compressors and two emergency diesel genera- 
tors. There is a main electricity sub-station on 
site, feeding three sub-stations through double 
ring mains. It has also an efficient treatment 
plant considered to be one of the most up-to-date 
industrial installations of its kind, for the disposal 
and purification of process waters containing 
acids, alkalis and soluble oils. The architects 
were Sir Alfred Shennan and Partners, and the 
steelwork consulting engineers Bingham, Blades 
and Partners. The cost, exclusive of manu- 
facturing equipment and plant, was just over 
£2 million. 


Camp Bird Ascerding 


The chairman of Camp Bird Limited, Mr. John 
Dalgleish, reviewed the company’s rapid growth 
during the past 34 years—since the present 
directors took office—and stated their objectives: 
first, to create a successful industrial group, 
vertically integrated in the electrical and elec- 
tronics fields; second, to create a hire-purchase 
finance organisation; third, to recreate Camp 
Bird as a leading mining finance house; and 
fourth, to re-activate the Camp Bird Mine 
(mainly lead and zinc) in Colorado. Some of 
these objectives are already within sight: the 
company’s hire-purchase organisation, Financ- 
ings Group, have built up a turnover of over 
£1 million (six companies were acquired in 
anticipation of the Government’s relaxation of 
credit restrictions). Cold Forgings Limited, who 
use the Steiner process, have started to market 
their products and built up an_ international 
development team—headed by a German tech- 
nical director—described by Mr. Dalgleish as 
** stronger than anything ever before assembled 
in this, the youngest of the steel industries.” 


The group now have 19 subsidiary companies, 
including Hartley Baird, Limit Engineering and 
the J. Langham Thompson Group. Employ- 
ment totals some 3,000 people. Net assets 
totalled £3-2 million and consolidated earnings 
just over £1 million over half of which came 
from the company’s “ dealing side.” 

Since Mr. Dalgleish’s report it was announced 
that a new subsidiary, Ghana Minerals Corpora- 
tion, had submitted proposals to the Ghana 
Government under which all future mineral 
rights in the country would be granted to the 
company for a period of 50 years. These have 
been turned down. Ghana Minerals Corpora- 
tion have an authorised capital of £50 million 
and a subscribed capital currently of £24 million. 
The first step would have been to carry out a 
nation-wide aerial geological survey, estimated 
to take three years and to cost £1 million. Part 
of the company’s policy is to install and develop 
mineral processing plants “* with a view to selling 
as finished a product as possible.” 


Brookhirst Igranic 


The latest step in the integration of the activities 
of the Metal Industries Group is the merger of 
their two largest subsidiaries, Brookhirst Switch- 
gear of Chester and Igranic Electric of Bedford. 
Together these firms employ some 3,000 people, 
about half the total employed by the group. 
The combined organisation, which will be 
known as Brookhirst Igranic, constitutes the 
largest manufacturers of motor control gear 
in the United Kingdom. Sir Charles Westlake, 
chairman of Metal Industries, is chairman of 
the new company and Sir John Black, deputy 
chairman. Mr. H. Owen Houchen has been 
appointed managing director and his principal 
colleagues are Mr. G. H. M. Houston, director 
of sales and contracts, Mr. T. D. Turner, director 
of production, Mr. N. Clark, secretary, Mr. C. 
Payne, chief accountant, Mr. A. W. Page, sales 
manager, and Dr. J. N. Fletcher, leader of 
research. 

This move was foreshadowed by Sir Charles 
Westlake in his statement to shareholders last 
July, when he gave the main arguments in favour 
of the merger; a more effective utilisation of 
resources by combining the technical skills, the 
research facilities and the sales organisations of 
the two companies and pooling their accumulated 
knowledge and experience. Mr. Houchen anti- 
cipates that the rate of the group’s progress in 
the electrical engineering field will be greatly 
accelerated. R. H. Mercer and D. W. Kent 
are, respectively, the general managers of 
Brookhirst and of Igranic. 


Cable Junction Two 


Following hard on the acquisition of W. T. 
Henley’s Telegraph Works Company Limited by 
the AEL Group comes British Insulated Callen- 
der’s Cables offer to acquire the whole of the 
issued share capital of Telegraph Construction 
and Maintenance Company. The deal, which 
is on a share exchange basis, has been approved 
by the board of Telcon, who recommend their 
shareholders to accept. As in the case of 
AEl-Henley, one of the reasons given for the 
merger is the over capacity of the industry, 
and there is the same emphasis on the need for 
big resources to keep pace with scientific develop- 
ments and research. In BICC-Telcon’s case, 
however, there is an additional advantage in 
that both companies have developed a strong 
position in the production and processing of 
metals. BICC are strongly established in copper 
and Telcon in the more specialised metals. 

Most of the large electrical engineering groups 
now have strong electrical cable interests which 
they are unlikely to shed, even under the strongest 
competitive pressure. AEI with Siemens, Edison 
Swan and Henley’s are probably the strongest, 
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followed by GEC, English Electric and Standard 
Telephones. BICC-Telcon tower above jj 
these with sheer size of their cable output and 
are strong in research and development. 

The most logical next few moves would seem 
to involve a further expansion of the cable 
interests of the larger electrical engineering 
groups or the merging of several of the indepen. 
dents as an alternative. It could well be 
however, that instead of the reduced outpy 
hoped for, the new groups will translate the 
benefits that will result from the pooling of 
resources into increased production, with 
consequent intensification of competition. As 
the links between companies are weakened by 
measures taken under the Restrictive Practices 
Act, the kind of close co-operation required 
to secure a smooth reduction in capacity grows 
gradually less likely. 


GEC in Vacuum 


The General Electric Company Limited have an © 


agreement with Vacuum Industrial Applications 
Limited of Wishaw, for joint action in the 
vacuum heating field. Their resources will be 
combined for the development of vacuum heating 
techniques and the design and manufacture of 
complete vacuum furnace installations. Inquiries 
will be handled by GEC. 

Vacuum Industrial Applications specialise in 
industrial vacuum equipment including pumps, 
gauges, valves and pipelines. They have also 
designed vacuum furnaces using induction 
heating units, including dual purpose equipments 
with alternative resistance heating units. GEC 
pioneered electric furnaces and are specialists 
in the development of controlled atmosphere 
processes. The two companies together are 
well equipped to produce a range of complete 
installations for vacuum melting, sintering, 
brazing, degassing and general heat treatment. 
The new organisation will offer the first serious 
challenge to the supremacy in Britain of Edwards 
High Vacuum and the AEI group in the vacuum 
field. 


Australian Built Tanker 


Ampol Petroleum Limited, of Sydney, New 
South Wales, have placed orders locally for the 
main propelling plant of their 32,250 tons d.w. 
tanker, which was built at Whyalla by the Broken 
Hill Pty. Co. This is the largest ship to be built 
in an Australian shipyard and every effort has 
been made to ensure that the machinery should 
also be produced locally. 

Orders have been placed with Babcock and 
Wilcox of Australia Pty. for the steam raising 
plant, which comprises two selectable superheat 
water-tube boilers. Boiler auxiliary equipment 
will be fitted with automatic controls made by 
Bailey Meters and Controls Pty. Limited, at 
Auburn, Sydney, and the boiler fan equipment 
by British Federated Engineers Pty., also of 
Sydney. The turbine gears will be cut at the 
Whyalla shipyard workshops where the whole 
unit will te assembled. The many items of 
machinery and equipment which have still to be 
selected will receive “similar consideration 
from an Australian aspect.” 

In their announcement, Ampol express the 
hope that “it will prove to the world that the 
main propelling plant can also be produced in 
Australia for installation in an Australian-built 
turbine ship.” 


Very Broad Accent 


In a note *“ Broad Accent in Lancashire * in our 


issue of 19 December, 1958 (page 791), we 
stated that ‘“‘Walmsleys (Bury) Limited, the 
well-known paper-making-machinery firm, |s 


also established in Wigan.” Walmsleys (Bury) 
Limited, as their name implies, are established 
in Bury, and are an associated company of 
Walker Brothers (Wigan) Limited. 
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Design 


FUEL 


INJECTION 


For many years it has been agreed that the fuel injection pump was the 


most costly single item in a diesel engine and one of the main causes 
of the higher price as compared to the petrol engine. 
there were certain technical limitations involved, particularly that of 
speed of operation which tended to limit the speed of the engine to 
which the pump was attached. Consequently, efforts were made for 
many years to find a substitute form of pump, cheaper in first cost and 


without the limitations. 

As a result of these efforts, a form was 
developed with a rotary element instead of 
reciprocating plungers. Development proceeded 
in America by the Hartford Machine Screw 
Company and about two years ago the CAV 
Company in this country made agreements to 
work on the design. Since then the DPA type, 
as it has become known, has been produced in 
quantity and is now being fitted as standard to 
many makes of engine. The outstanding 
advantages are its basic simplicity; the possibility 
of high speed running without mechanical 
complications; easy provision of timing adjust- 
ments; and the need for only a light and simple 
drive. Another proved advantage is the small 
amount of maintenance required. 

The operation of the pump is shown in the 
cut-away diagram, herewith. Fuel is drawn in 
through the regulating valve 7 by the sliding- 
vane pump 8 and so to the metering valve 3. 
This moves in response to governor action and 
controls the amount of fuel entering the rotating 
element 5 during the period that the ports are 
in apposition. The internal contour of the cam 
ring 11 is such that the plungers 12 are alternately 
compressed and released, their return being due 
to the internal pressure of the fuel. Compressing 
the plungers forces the fuel up the centre passage 
and discharge occurs when the discharge ports 
are uncovered. (The diagram is drawn for the 
moment of inlet of fuel to the rotor.) The cam 
contour can be relieved so that a slight retraction 
of the plungers occurs after the start of injection 
so that there is no dribble from the nozzle. 

The rotor is lubricated by the fuel which finds 
its way under pressure along the rubbing surfaces 
and also tends to exclude the entry of dirt into 
the pump unit. The timing of injection can be 
varied by rotating the cam ring by the servo 
mechanism 10. This can be used to give auto- 
matic adjustment for speed over the entire 
engine range. The pump has a certain inherent 
correction as compression starts later at light 
loads since the plungers are not driven fully 
outwards. This feature also makes for easier 
cold starting: in many cases cranking time has 
been reduced by as much as 50 per cent. Once 
set, the pump requires no further timing adjust- 


Moreover, 





Drive hub. 
. Governor spring. 
. Metering valve. 
. Hydraulic head. 
. Pumping and distributing 
rotor. 
Fuel inlet connection. 
Regulating valve 
. Transfer pump. 
High pressure delivery 
connection. 
Automatic advance device 
. Cam ring. 
. Pumping plungers. 
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The distributor pump enables direct 
injection diesel engines to run at 
higher speeds, as well as reducing cost. 


ment or calibration, and precautions can be 
taken by the use of seals to discourage tampering. 

The mechanical governor illustrated gives a 
very accurate control of injection and therefore 
of speed. A variation of 2} to 3 per cent is well 
within its range. Alternatively, a form of 
hydraulic governor can be fitted which is some- 
what cheaper but only gives control within 
8 to 10 per cent. As the discharge ports are set 
around the cylinder the actual rate of rotation 
of the rotor is kept comparatively low even in 
engines with many cylinders. In practice, it is 
the injection frequency and not the pump speed 
that becomes the limiting factor. Figures of 
12,000 to 15,000 injections per minute can be 
obtained, the latter being about the present 
upper limit. The lower figure is equivalent to 
6,000 r.p#fi. for a four-cylinder four-stroke 
engine. 

The maximum amount of fuel injected per 
stroke is controlled by the travel of the plungers. 
These bear on rollers which are carried on shoes 
that slide in transverse guide slots in the rotor. 
The retaining plates for the shoes have an 
adjustment by which the limit of outward 
travel of the plunger can be set; this is done at 


The Distributor Pump’s Place 





the works for the particular type of engine 
and does not need to be touched again. It is 
an effective means of preventing smoke due to 
running over rich. 

Both the governing and automatic advance 
mechanisms are very light in operation so that 
response is quick; indeed, corrections are 
performed before the next injection. It also 
means that the linkage can be light and simple. 
To give excess fuel for starting, the normal 
unloading action of the cam can be cut out, 
either manually or automatically, allowing as 
much as 50 per cent more fuel to be provided 
temporarily. Another feature is that the pump 
will not operate in the reverse direction, thus 
obviating one of the nuisances sometimes met 
with in diesel engines. 

At present the pump in various forms is 
being fitted to many makes of smaller engines, 
particularly for automotive work; the range is 
steadily being increased, however, and larger 
and larger versions are being made; models 
have been made for engines up to II litres 
capacity. The company’s works at Rochester 
have been laid out for mass production and are 
now in full employment. 


THE DYNAMICS OF A DEFORMABLE AIRCRAFT 


Professor A. R. Collar gave the layman—and the 
lexicographer—this concise definition of aero- 
elasticity, when he presented the Second 
Lanchester Memorial Lecture to the Royal 
Aeronautical Society on 20 November, 1958. 
Taking as his title “* Aeroelasticity—Retrospect 
and Prospect,” the lecturer, who holds the Sir 
George White Chair of Aeronautical Engineering 
in the University of Bristol, projected into the 
future an outline of the history of aeroelasticity 
which he traced from the very beginning. 

_ It all began by accident. The wing-collapse of 
Samuel P. Langley’s monoplane deprived him 
by a few weeks of the honour of being the first 
man to f] Now it is evident that this collapse 
Was due to ‘ wing torsional divergence,” and 
that croelasticity, although at the time 
unrecogn sed and unsuspected, has been plaguing 
designe ince before the beginning of powered 


flight." The mere recognition of an aeroelastic 
effect needed, alas, the stimulus of more than 
one accident for its realisation; indeed, it was 
nearly ten years before the first of a series of 
similar accidents was followed by the first 
published explanation, credited by the lecturer 
to Griffith Brewer. Lanchester followed a year 
or two later with his appreciation and cure of 
one of the first recorded cases of flutter; his 
practical analytical insight led him directly to 
a physical explanation, which was thereupon 
confirmed by mathematical investigation. Once 
again in the story of progress in engineering 
design a stepping stone was fashioned from the 
results of an accident investigation. Thus, one 
by one, the classic problems of aeroelasticity, 
including aileron-reversal and buffeting, were 
brought to light by practical experience in the 
air—‘*a dismal catalogue of troubles *—and 


solved by experimental and mathematical 
analysis. This phase of development may be 
summed up in the words ex tfenebris lux. 

Today there are still lessons to be learned 
from sad experience; but present troubles, like 
fatigue, for example, are far more often con- 
cerned with deficiencies in structural materials, 
or insufficient refinement of design details, than 
with any lack of understanding of the dynamics 
of a deformable aircraft. Thanks to the intense 
theoretical and experimental effort applied to 
the problems of aeroelasticity over the past 
40 years by a host of investigators, the rules of 
this new applied science are now in the book, 
for designers to apply almost as a matter of 
routine. On the roll of these investigators, not of 
this country alone but all the world over, 
Professor Collar himself is one of the select 
few who have inspired and pioneered this 
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research. No one is better qualified than he to 
suggest the direction of future trends. 

Considering the application of present know- 
ledge to the anticipation and elimination of 
aeroelastic troubles, he reaffirms his well-known 
opinion that the analysis of the many different 
modes of behaviour of a deformable aircraft 
should be made simultaneously rather than 
serially, since, as he observes, “‘ measures aimed 
at safety in one phase of flight could mean 
danger in another phase.” Ten years ago he 
formulated this unified solution as a reasonable 
expectation; now he sees it as an attainable 
reality in view of the tremendous developments 
in automatic computing machines and electrical 
analogues which have been made in the mean- 
time. He gives his opinion that ‘ incidents and 
accidents due to aeroelasticity will decrease ”’; 
this faith is founded on a philosophy, not 
wrapped up in the symbolism of the higher 
mathematics but epitomised with force and 
clarity thus: “* The happenings of past years, 
frightening then because they were not foreseen 
and not understood, are seen now, not as 
examples of ‘the total depravity of things 
inanimate, but as of occurrences of simple 
mechanical origin.” 

The development of experimental methods of 
analysis was illustrated by a film showing a 
mechanical flutter simulator, with two degrees 
of freedom, in operation at Bristol University. 

Looking further into the future, Professor 
Collar notes the need to widen the theoretical 
basis of aeroelasticity by including “ kinetic 
heating with its time history ” in the catalogue 
of loading actions, already a long one, to which 
an aircraft is exposed in flight; or, as Bisplinghoff 
has put it, to add a fourth dimension to Collar’s 
aeroelastic triangle. Considering methods of 
meeting or avoiding high temperature, he 
mentions the possible development of “* alloys 
of appropriate strength but negligible temperature 
coefficient *> which, unlike Invar, will not lose 
this characteristic property at high temperature; 
only the future can tell whether this is one more 
alchemists’ dream. 


DRAWING OFFICE 
CALCULATIONS 
BY COMPUTER 


The routine work of determining the section sizes 
for floor beams has been programmed for their 
Pegasus computer by the United Steel Com- 
panies. Thus the many man-hours hitherto 
spent on reducing floor loadings to section moduli 
has been transferred to a few hours work on the 
computer, thus freeing drawing office staff for 
other design work. A particular advantage is 
that the effects of alterations in loading—in 
position or magnitude—can be easily and quickly 
taken into account by re-running the particular 
floor through the computer. Such use of a 
computer is of especial value for handling exten- 
sive floors of warehouses or complicated grids 
in power stations. 

This particular application has been evolved 
jointly by the Companies’ subsidiary structural 
company, located at Scunthorpe, and the 
Companies’ department of operational research 
and cybernetics in Sheffield. Both the initial data 
and the calculated sections are communicated 
between Scunthorpe and Sheffield by a teleprinter 
link. For much of its time the computer is 
normally used on pay-roll accounts and general 
calculations for the research departments. 

Apart from the floor programme, a modified 
Livesley programme is used for two-dimensional 
portal frames. A new programme is also being 
evolved for handling column calculations in 
multi-storey frames. Emphasis is being laid on 
applying the computer to handle conventional 
structural drawing office procedures. 
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STRUCTURAL FRAM 


ANALYSIS B 


ELECTRONIC COMPUTE 


The linear elastic analysis of any rigid-jointed 
framework may be achieved by means of the 
generalised slope-deflection method. With this 
method, the equations of static equilibrium at 
the various joints are utilised to enable all the 
joint displacements to be obtained from the 
solution of a set of simultaneous linear equations 
for the entire structure. Back-substitution into 
the basic slope-deflection equations gives the 
forces and moments acting at the end of each 
structural member; thus the required forces and 
moments may be determined at every cross- 
section in a frame. 

The generalised slope-deflection equations 
may be written quite generally for any structural 
member in space; these general equations then 
reduce in different ways for the special cases of 
the plane framework, which is loaded and 
supported in its own plane, and the grid frame- 
work, which is loaded and supported laterally. 
These two types of structure exhibit certain 
similarities in their structural behaviour. though 
there is no direct analogy between them. 

In very recent years the electronic computer 
has been utilised for the analysis of plane 
structures by this general method, and since 
this innovation, due to Livesley,': *»* several 
useful developments have been made. The first 
master programme for plane 
frames was written for the 
Mark I computer at Manches- 
ter University, and was further 
applied there to cover the 
problems of elastic instability, 
automatic design, and other 
variations on the basic plane- 
framework analysis. However, 
the solution of grid frame- 
works has not, to the authors’ 
knowledge, been previously 
attempted by the generalised 
slope-deflection method, so 
this new development now 
renders another class of struc- : 
ture amenable to analysis by ian 


the electronic computer. — 
It should, perhaps be ex- } 
plained that the theory for the 8°84) 


‘** deformation method” was 
established by Bendixen and 
by Ostenfeld' over thirty years 
ago, but could not be effec- 
tively utilised until the advent 
of the electronic computer, 
which can easily solve large 
sets of simultaneous equations. 
In planning new applications 
for the computer, however, the 
real difficulty often lies not so 
much in the derivation of the 
relevant theory (which, for grid 
frameworks, is simply ex- 
plained below) but in the 
organisation of a master pro- 
gramme to solve any particular 
problem of a class, with the . 
limits of structure, support and 

loading set as wide as possible. M 
For their development of the 

new programme described here 

the authors were particularly 


fortunate in being able to %°°**) 





| 
| 
| 
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CT 12 


utilise a standard library plane-frameworks pro. - 


gramme,’ which was written for the Ferranti 


Pegasus computer by Mr. M. Rooney of Babcock ~ 


and Wilcox Limited and made available earlier 
this year. Further details of the programme, the 
flow diagram and the storage allocations 
were also very generously supplied, privately, by 
Mr. Rooney. i 

The idea for the new programme came from 
the realisation that (a) the procedures of analysis 
for plane and grid frameworks are completely 
parallel, by this deformation method, and (4) that 
the basic generalised slope-deflection equations 
are very similar in the two cases. The pessi- 
bility of adopting the plane-frameworks pro- 
gramme was, therefore, very apparent and 
attractive, so certain internal alterations were 
devised and incorporated. The resulting modified 
programme should soon be available for general 
usage. 


BASIC EQUATIONS FOR A 
GRID FRAMEWORK 


Consider any particular member, 12, 
rigid-jointed grid framework composed of 
straight prismatic members. Let this member 
be of constant flexural rigidity El and length L, 


of a 


Forces 





Fig. 1 a (above) 


eee: z (up) 
(™, 12 Displacements “ENGINEERIN 
Fig. 1b (b 
M | 


Forces | 


z(up) fs) 


Displacements 


NGINEERS 








EN‘ 


rid 


col 
Sit 
all 
th 
fix 


ac 












pro- 
ranti 
cock 
rlier 
, the 
Ons, 
4 by 


rom 
lysis 
tely 
that 
ions 
OSSI- 
pro- 
and 
vere 
ified 
eral 


if a 

of 
rber 
“8 


M 


NEERIN 


h (b 


NGINEER® 





B BN “ai 5 


ENGINEERING January 2, 1959 


rid Frameworks Resolved by Generalised Slope-Deflection 


By E. Lightfoot, M.SC.(ENG.), PH.D., A.M.I.C.E., A.M.I.STRUCT.E., 
and F. Sawko, B.Sc.* 


and let it have a constant torsional rigidity GJ 
(where E and G are the values of Young's 
modulus and the modulus of rigidity, and I aud 
J are the effective second moments of area 
about the bending and torsional axes). 

Only vertical displacements, and rotations 
about axes in the plane of the grid, will be 
considered, so only the corresponding loadings 
may be regarded as admissible (that is, forces 
perpendicular to the gridwork and moments 
about axes in the plane). The other possible 
displacements of the gridwork correspond to 
force loadings in its own plane and moments 
about axes perpendicular to the grid; these may 
all be considered in a plane framework analysis. 

Let a representative member, 12, be considered 
with reference axes p and q along and perpen- 
dicular to its length, in the plane of the frame- 
work. Let the direction normal to the plane 
be defined by a z-axis. Then at the end | a 
force F..,can act vertically, along with moments 
M,.» and M,,. about the p and the q-axes. The 
corresponding displacements are z;, 9», and @,;. 
Similarly at the end 2. The member, the forces 
and displacements, and the sign convention are 
all shown in Fig. 1(a). Now suppose that with 
the ends | and 2 fixed, lateral loading produces 
fixed-end reactive forces and moments F.,", 
Mow’. My", ete. Then the forces and moments 
actually acting at the ends | and 2 may be 



































expressed in terms of these fixed-end values and 
the possible displacements (in a shorthand 
matrix form), as equation | which is displayed 
at the foot of this page. 

Similar equations hold for other members, 
13 and so on, meeting at the joint |. In each 
case the two moments are referred to the different 
member axis, but the combined effect of these 
moments is best determined by resolution on to 
fixed x and y-axes. Thus, for member 12, 
referring to Fig. 1 (5) for the new symbols, and 
with the sine and cosine of the angle of inclina- 
tion, x, of 12 to the new x-axis being written 
s and c, the derived relation between forces and 
displacements is expressed as equation 2 or, more 
briefly as equation 3, displayed below. 

Equation 2 has been written out in full so 
that any interested readers may compare it with 
the corresponding equation obtained in the 
plane-framework analysis; it also explains some 
of the differences in the internal organisation 
of the two programmes. 

Similar equations may be written for the other 
members meeting in joint |. If any external 
force F.,", and moments M,.,” and M,," act at 
the joint 1, the conditions of static equilibrium 
lead to equation 4. If M,”" is defined as equal 
to (M,"—SM,,"), then equation 5 may be used 
in place of equation 4. 

Similar equations may be obtained for every 
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* The authors are, respectively, reader and research 
student in the department of civil engineering at the 
University of Leeds. 


other joint in the framework, so eventually it 
is possible to relate all the equivalent external 
forces and moments to the various displacements 
occurring by some comprehensive equation of 


the form: 

{[F] = [S] [D] (6) 
where F represents a generalised force and [F] is 
written as a column matrix, [S] is called the 
stiffness matrix for the entire structure, and D 
represents a generalised displacement, with [D] 
written as a second column matrix. Solution 
of this final equation gives each separate dis- 
placement value, whence the separate forces 
and moments are easily obtained from equation 2, 
for each member. 

In the above theory the equations for the 
end 2 of member 12 have not been written out 
after equation | because they are of a very 
similar form. There are some important sign 
differences, however, which must be given par- 
ticular attention; the assumed directions for 
the members are therefore very important. 


ALTERATIONS TO THE PROGRAMME 


In the programme devised by Rooney for plane 
frameworks the equations corresponding to 
those of equations | express the values of F,, F, 
and M., that is, the forces acting in the p and 
q-directions, and the moment acting about the 
z-axis. The parallel programme for grid frame- 
works depends on treating My, M, and F, as 
F,, F, and M., and this is possible since these 
corresponding vectors have the same sense and 
direction and are of similar form. However, 
upon transposition to the x and y-system of 
reference, as in equations 2, it is found that the 
coefficients differ considerably; there are now, 
in fact, nine different terms to be used, instead 
of seven, in the S and R matrices for each 
member. This leads to complications in the 
assembly of the simultaneous equations, and to 
further complications upon back-substitution for 
the final forces and moments. 

The plane-frameworks programme was de- 
signed to take the best advantage of the storage 
capacity of the Pegasus computer without over- 
writing or the use of auxiliary storage facilities, 
so one of the problems of alteration was to find 
available storage space without sacrificing any 
advantages of the original programme. It was 
eventually found possible to avoid overwriting 
in any of the storage locations, so the new pro- 
gramme is still “* self-preserving.”” Thus, further 
results for alternative loading and restraint con- 
ditions can be obtained by the use of short 
additional data tapes; there is no need to prepare 
new complete tapes every time. 

The procedure for the plane frameworks pro- 
gramme can be followed exactly, provided the 
external moments M, and M, and the vertical 
force F. are used in place of the external forces 
F, and F, and the moment M, at each joint. 
The restraints at the supports are now rotational 
in the x and y-directions, and translational in 
the z-direction, the symbols 1, 2 and 3 being used 
as before. One further amendment is required: 
instead of using the cross-sectional area times 


; : 7... - ; 
10-‘in? units, the value of F J times 10-° in* units 


is inserted. As for the previous programme 
only frameworks with 56 members, 18 joints 
and 48 restraint conditions can be solved. 

A data tape, so prepared, can be run through 
the tape reader after the master programme, and 
the output tape will then give a modified print- 
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out, namely: joint number, x-rotation, y-rotation -— eT a - ZZ Ze "a 
and vertical displacement in the first block, | 5 . , 4 ; , ‘ 4 
and member, shear, torsion, and moments at . ‘a | meen £___-s4e----- #.... -----= <...9he-----F..... 2e----- f..... » -2._, 
ends | and 2 in the second block. The same | 
units are used as for plane-frameworks. | | 
It is quite easy to apply the programme for : 
symmetrical grid frameworks if the loading is L «4 —_— — ciate = = ‘ 
replaced by symmetrical and skew-symmetrical —_ us 0-131 0-361 0-486 0-462 0317 5 Ts—4 
components. Thus for structures with one 0-122 0345 0-465 0-442 0-297 0-100 
axis of symmetry the limitations on joints, | 
members and restraints can be effectively «| 
vt 
extended, and further advantage can be taken 
of any additional axes of structural symmetry. | 
Beyond this, certain mathematical procedures ' A 0-208 0-517 6 lb.Lo-714 0-651 0-449 0-165 
are possible, but a further master programme i A 0-213 0-579 0:79 “713 0-486 D174 
Sas P | 0-208 0-553 0-737 0-667 0-456 0-167 
for partitioned frame will have to be prepared , 
for practical use, and may perhaps be adapted | | Longitudinals %' x ¥%2" 
from the corresponding plane frameworks = *; ‘Tictascncedls Dia’ x Dee" 
programme, with partitioning, which is now | 
being circulated. 
6 = -— ¥ A 0-202 0-532 0-700 -682 0-481 0-172 
EXAMPLES week) 4 0-190 0-514 0-689 0-670 0-479 O17 | . 
Numerous methods have previously been it if 
proposed for the analysis of grid frameworks, Fig. 2 (above) al 
but few have been used for actual design. rai in 
There is an extensive literature on the analysis n 
and design of right and skew slabs with stiffening given as the first set of Data for Fig. 3: k 
beams, and though these are also amenable to values in Fig. 2, and y . 
this method, the first demonstration should, the amended computer Longitudinal central girders a 
clearly, be made on a rigid-jointed framework. values are given imme- . GJ ' K 
In the absence of any available calculations for diately below them. It I = 20,000 in‘ = 500 in* C 
a full-scale structure the authors have been’ will be seen that these —_ , , a 
obliged to utilise model results as a check.* computed deflections are Longitudinal side girders 
Example 1.—Fig. 2 shows one of the model _ slightly high, but are I — 10.000 in‘ GJ 950 int a 
grid frameworks tested and analysed by Professor reduced if the torsional Fi , m 5 250 in a 
A. W. Hendry. Since nominal dimensions are rigidity of the longitu- ig. 3 Cross girders ‘ 
given for the members, the vertical deflections dinals is assumed _infi- ie ; ‘ 
obtained by the electronic computer have been nite, as in the analytical I — 5.000 in? GJ 100 in! ( 
multiplied by the ratio of the calculated to the method developed by E ;' 
actual flexural rigidity, El, of the three longi- Professor Hendry. 
tudinals.* The experimental deflections are The deflections ob- = ,A 
* In reference 6, page 961, a value of 610Ib-in? tained using this assump- oo eae ae i" 
for EI has been used instead of the value 772:5 Ib-in? tion for the longitudinal 1 2 3 4 5 16 
corresponding to the nominal dimensions (assuming members are given as the Sh 10° , 
steel). third set of values in %! 
Fig. 2; it will be seen as 
iii that closer agreement $! NZ 8 9 10 ll 12 
EFLECTIONS ° ° | | 
results. It is considered | 10° 
jin | = that this close compari- 
No. x-rotation y-rotation Vertical son with these careful 3! 
model results is sufficient sy{| Wis = 
1 000106697 000111137 000000000 independent — evidence  (sso40) — ” ” - = unmaiil 
3 | ggaiose7 | ggg? | 9.108936 that the new programme 
4 0-00083757 0-00028262 002013099 has been correctly transposed. The master programme now prepared should 
: ¢ Seaeass Zane | o-seaeecee _ Example 2.—The skew grid framework shown soon be extended to allow for the analysis of 
7 000105901 0-00086264 0-00000000 in Fig. 3 is a theoretical problem suitable for partitioned frames. There will then be no 
: 2 came pon nn Bogen ig direct analysis by this computer method without — theoretical limits of structural size or arrange- 
10 0-60029430 0-00037699 0-01020861 any need for superpositioned loading. The ment with this electronic computer method of 
- oars aoe yaaa dig solution printed out by the computer is shown analysis for grid frameworks. 
13 9-00072512 0-00043107 0-00000000 ” the renga din tables. It can easily be Acknowledgments.—The authors are greatly 
3 = ciate Saaerteee 0-00409110 shown that the displacements are all compatible indebted to Mr. M. Rooney and to Babcock and 
16 000008666 0-00013287 0-00715296 and that static equilibrium is satisfied at each Wilcox Limited for the supply of details of the 
4 $-auneiere > Gabeeaee peel of the joints; further statical checks (such as the — plane-frameworks master programme, which was 


ForRCES AND MOMENTS 


Moments, Ib-ft 


Member Force, Ib 
No. shear | 
Torsion | End I | End 2 
1( 1—> 2) 5,928 0 ) $9,291 
2( 2> 3) 6,047 239 59,070 119.545 
3( 3—> 4) 10,338 1,433 119.767 223.156 
4( 4 5) 10,918 3,118 223,965 114,790 
5( 5-> 6) 11.803 4.483 116,288 1.739 
6( 7> 8) 17.907 1,418 224 179,302 
7( 8 9) 9:460 1,291 178,632 273,236 
8 ( 9-10) 14,433 5,255 272,977 128.654 
9 (10-11) 12,367 6.735 128,301 4,632 
10 (11-12) 406 922 3.738 "323 
11 (13-+14) 2,608 182 454 26,543 
12 (14-+15) 2,952 2,136 26,003 55,529 
13 (15->16) 1.766 2:273 54,392 72,058 
14 (16->17) 3,681 1,822 71,221 34.412 
15 (17-18) 3.410 0 34.095 ee) 
16( 2-> 7) 119 221 238 1,421 
17( 3—> 8) 4,291 223 1,673 41,242 
18 ( 8-13) 4.154 449 41,367 ‘179 
19( 4 9) 1.144 808 1,686 9,751 
20 ( 9->14) 346 545 5.784 2/320 
21( 5-10) 884 1,498 1,366 10.211 
22 (10-15) 1,184 1,141 11,693 “139 
23( 611) 6,518 1,738 4.483 60,702 
24 (11->16) 5.445 841 51,893 "448 
25 (12-~17) 274 322 922 1,819 


sum of the vertical shears across members 3-4, 
8-9, 13-14, 5-6, 10-11, and 15-16 say, being 
equal to the applied loading) also confirm the 
accuracy of the analysis. 


CONCLUSIONS 

Grid frameworks have proved very difficult to 
analyse by previous methods, and their design 
has usually been dependent on sweeping assump- 
tions of doubtful validity. Though some of the 
previously proposed methods of analysis are of 
considerable mathematical interest it is believed 
that this “elemental’’ computer method will 
prove much more useful in future design practice. 

It should be mentioned that the new pro- 
gramme will apply to grid frameworks however 
the members are orientated and connected; 
the question of redundancy is of no concern. 
Also, the effect of torsion in the members is 
automatically included, which means that the 
method may be easily applied to the analysis of 
slabs and similar structures. The method allows 
for variations in the structural properties from 
member to member, so it will also apply to 
non-uniform slabs. 


issued by Ferranti Limited for their Pegasus 
computer earlier this year; also to Mr. A. J. 
Mitchell of the University of Leeds Computing 
Laboratory, for his valuable assistance. This 
development work is part of the research now 
proceeding in the Department of Civil Engi- 
neering at the University of Leeds. 
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CAM-OPERATED 
ROTARY SWITCHES 


A versatile range of cam-operated rotary switches 
with continuous ratings from 16 to 200A, 
intended primarily for a.c. circuits, is now avail- 
able in the United Kingdom from Chilton 
Flectric Products Limited, Hungerford, Berk- 
shire. Known as Style C-switches, they enable 
awide variety of control switching and sequencing 
operations to” be handled by a single compact 
unit. The switches were designed by Kraus and 
Naimer, Vienna; the standardised components 
are being imported from the Austrian company 
and assembled under licence by Chilton. 

The construction of Style C-switches is 
unusual. Each is built of several sub-assemblies 
and, except for the conduiting elements, of 
plastics materials. The basic switch comprises 
a number of melamine stages (up to 12) each 
carrying two double-break silver alloy contacts. 
if more than 12 stages are required, they are 
arranged in two or more columns and operated 
in tandem by a single handle. The latter is of 
nylon as is also the precision-moulded inter- 
locking cam assembly which it operates. The 
cam assembly is designed for operation without 
athrough-shaft. The sub-assemblies are attached 
to their nylon housings by quick-acting bayonet 
couplings in place of the more usual screw 
attachments. 

In addition to the basic switch units, enclosures 
and mountings, a variety of optional extras such 
as shaft extensions, couplings for switches of 
different ratings, spring return, interlock and 
safety keys, controlling and indicating devices 
canbe supplied. The standard switching arrange- 
ments include simple on-off double-throw 
switches with or without “ off,” star-delta, 
split-phase starting, reversing, multi-speed, con- 
trol and indicator, and multi-step switches. 

The accompanying illustration shows a pair 
of interlocked switches for electric motor control 
and selection. The upper switch selects the 
motor, and the selection can only be made while 
the lower is in the off position. The lower 
switch also carries, at the far end, a pair of 
auxiliary contacts which may be operated 
(in or out) by putting the switch handle out 
against a spring. These contacts could enable 
the motor to run fast while being operated. 

Type C-switches are especially likely to interest 
designers of special-purpose machinery involving 
complex switching arrangements. Functions 
previously performed by selector switches, 
motor controllers, and push-button stations 
can all be combined in one unit, making for 
easier and safer operation. Their reliability has 
been proved in accelerated life tests extending 
over more than one million operations. 


A pair of interlocked Style C-switches 
for electric motor control and selection. 





INTERNATIONAL COMPUTATION CENTRE 


The question of international laboratories was 
first examined by the Economic and Social 
Council of the United Nations in 1946. The first 
international laboratory in Europe was concerned 
with nuclear energy—in 1953 12 countries signed 
a convention under which they agreed to collabor- 
ate in building a European Laboratory for 
Nuclear Research at Geneva. 

From the experience at the European Labora- 
tory for Nuclear Research, it became clear that 
a number of nations would not decide to join 
an international computer organisation until 
a certain number of questions (programme, 
equipment, internal structure, finance, etc.) had 
been investigated in a very thorough manner. 
Because of this a group of delegates from 11 
countries met in Rome in 1956 and put forward 
the suggestion that Unesco should establish a 
Provisional International Computation Centre 
in Rome. This was carried out. The status of 
the centre has taken the form of a contract 
between Unesco and the Italian Institute for a 
period of two years for a provisional international 
centre sited at Rome and financed by contribu- 
tions from countries desirous of taking part in 
its activities. The first annual budget of the 
centre (1958) amounts to $47,000. In 1959, 
taking’ into account new machines the budget 
will rise to about $150,000. 

As far as equipment is concerned, even when 


the centre is definitely established it can be 
assumed that in view of the rapidity of technical 
progress in this field, the centre will not invest 
important capital in machines, at least for 
several years. It is considered preferable to 
enter into agreements of limited duration with 
private firms who would agree to instal machines 
which will remain their property and be used by 
them for a number of hours per month. 

The centre will only occasionally undertake to 
make calculations on behalf of member states. 
In fact, the greater number of countries have, 
or will have, quite adequate national services. 
There is, however, a field that the centre can use- 
fully occupy: the research and calculations that 
are needed by international organisations such 
as the European Centre for Nuclear Research, 
specialist institutions of the United Nations, and 
certain international undertakings such as the 
International Geophysical Year. From _ the 
beginning of its existence, the centre has under- 
taken work of international interest, in the first 
place for the United Nations Food and Agri- 
culture Organisation, whose headquarters are 
also in Rome. Other activities of the centre 
are the preparation of a census of existing 
computation centres, publication of an informa- 
tion bulletin, preparation of a multi-lingual 
dictionary of computer terms, holding of dis- 
cussions, and training of specialists. 


NOTICES OF MEETINGS 


Association of Supervising Electrical Engineers 
LONDON 

** Electricity Supply to the London Underground System,” by 

H. L. Buckman. West London Branch. Windsor Castle 

Hotel, 134 King Street, Hammersmith, S.W.6. Tues, 6 Jan., 

7.30 p.m. 


Combustion Engineering Association 
LONDON 
** Case Histories of Fuel Savings,”’ by H. A. Haines, at 10.30 a.m. 
** Advances in Process Control,” by V. O. E. Bryant, at 2.30 
p.m. Southern Region. St. Ermin’s Hotel, Caxton Street, 
S.W.1. Wed., 7 Jan. 


Incorporated Plant Engineers 
GLASGOW 
** Safety in the Use of Industrial Gases and Equipment,” by 
T. Reeks. Glasgow Branch. Scottish Building Centre, 
425-427 Sauchiehall Street, Glasgow. Thurs., 8 Jan., 7.15 p.m. 


Institute of Marine Engineers 
BIRMINGHAM 
*““ Nuclear Steam Propulsion for Merchant Ships,” by W. R. 
Wootton. West Midlands Section. Birmingham Exchange 
and Engineering Centre, Stephenson Place, Birmingham. 
Wed., 7 Jan., 7 p.m. 


Institute of Marine Engineers and 
Institution of Naval Architects 


SOUTHAMPTON 
“Shipyard Organisation,” by D. L. Nicholson. Southern 
Joint Branch. Southampton Technical College, St. Mary 


Street, Southampton. Wed., 7 Jan., 7.30 p.m. 


Institute of Road Transport Engineers 
BRISTOL 

Open Discussion on Engineers’ Problems. 

Royal Hotel, Bristol. 


Western Centre. 
Tues., 6 Jan., 6.30 p.m. 


Institution of Civil Engineers 
BIRMINGHAM 
** Recent Advances in the Testing, Control and Evaluation of 
Concrete,” by R. Goodacre. Midlands Association. James 
Watt Memorial Institute, Great Charles Street, Birmingham 3. 
Thurs,. 8 Jan., 6 p.m.* 


Institution of Electrical Engineers 
LONDON 
Discussion on “ The Physiologist’s Requirements for D.C 
Amplifiers,” opened by Dr. M. H. Evans and Dr. G. B. B. 
Chaplin. Medical Electronics Discussion Group. Fri., 
9 Jan., 6 p.m.* 


Institution of the Rubber Industry 
NEWCASTLE UPON TYNE 
**Hose Manufacture,” by C. W. Evans. North Eastern 
Section. Eldon Grill, Grey Street, Newcastle upon Tyne. 
Mon., 5 Jan., 7 p.m. 


Institution of Structural Engineers 
NEWCASTLE UPON TYNE 
** Relationship Between Contractors and Their Clients,”’ by 
W.H.G. Durose. Northern Counties Branch. Neville Hall, 
Westgate Road, Newcastle upon Tyne. Wed., 7 Jan., 6.30 p.m 


Junior Institution of Engineers 

LONDON 

** Engineering Tolerances,” by R. J. Herbert. Fri., 

7 p.m. 
BIRMINGHAM 
** Brussels Exhibition,” by W. K. V. Gale. Midland Section. 
James Watt Memorial Institute, Great Charles Street, Birming- 
ham. Wed., 7 Jan., 7 p.m 


Reinforced Concrete Association 
MANCHESTER 
“Design and Construction of Shell Roofed Buildings for 
Cadbury Brothers Ltd. at Moreton,”’ by J. E. C. Farebrother 
and L. E. May. North Western Branch. College of Tech- 
nology, Sackville Street, Manchester. Mon., 5 Jan., 6.45 p.m.* 


Royal Meteorological Society 


9 Jam, 


LONDON F 
“* The Nature of Weather Forecasting,” by Dr. R. C. Sutcliffe 
Wed., 7 Jan., 7.45 p.m. 


Society of Instrument Technology 
SHEFFIELD 
** Instruments for Flame Radiation and Heat Transfer Measure- 
ments,” by Professor M. W. Thring. South Yorkshire Section 
The University, St. George’s Square, Sheffield 1. Wed., 
7 Jan., 7 p.m. 


NOTE: Other meetings being held during the week ended Saturday, 10 January, are recorded on 
page 836 of our issue of 26 December. 


The address and telephone number of the headquarters of each institution are given below. 
in the headquarters town are held there unless otherwise stated. 


Meetings 
Particulars for this feature should 


reach the Editor not later than three weeks before the date of the meeting. 


* An asterisk is placed where it is understood that refreshments are available prior to the time stated. 


Association of Supervising Electrical Engineers, 23 Bloomsbury 
Square, London, W.C.1. (LANgham 5927.) 

Combustion Engineering Association, 6 Duke Street, St. James’s, 
London, S.W.1. (WHItehall 5536.) 

Incorporated Plant Engineers, 2 Grosvenor Gardens, London, 
5 (SLOane 0469.) 

Institute of Marine Engineers, Memorial Building, 76 Mark Lane, 
London, E.C.3. (ROYal 8493.) 

Institute of Road Transport Engineers, 
London, S.W.1. (ABBey 6248.) 

Institution of Civil Engineers, Great George Street, London, 
5.W.1. (WHItehall 4577.) 

Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2. (TEMple Bar 7676.) 


69 Victoria Street, 


Institution of Naval Architects, 10 Upper Belgrave Street, 
London, S.W.1. (SLOane 4622.) 

Institution of the Rubber Industry, 4 Kensington Palace Gardens, 
London, W.8. (BAYswater 9101.) 

Institution of Structural Engineers, 11 Upper Belgrave Street, 
London, S.W.1. (SLOane 7128.) 

Junior Institution of Engineers, Pepys House, 14 Rochester Row, 
London, S.W.1. (VICtoria 0786.) 

Reinforced Concrete Association, 94-98 Petty France, London, 
S.W.1. (ABBey 4504.) 

Royal Meteorological Society, 49 Cromwell Road, South Ken- 
sington, London, S.W.7. (KENsington 0730.) 

Society of Instrument Technology, 20 Queen 
London, W.1. (LANgham 4251.) 


Anne Street, 
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Production 


MEDIUM WIDTH 


Demand for flat rolled steel products—plate, sheet and strip— 
developed since the war faster than that for any other type of steel. 
At the upper and lower width limits rolling capacity was extended, 
but a gap was left between the products of the narrow strip mills 
and those rolling wide strip of the sheet type. The United Steel 
Companies therefore decided to install plant for the production of 
medium width hot-rolled strip up to 18 in wide at their Steel, Peech 
and Tozer branch, Rotherham. Narrow strip has been rolled 
there for many years, but site limitations made it impossible to 
carry out extensive alterations to the existing strip mill, and a 
completely new mill has been erected at a cost of over £4 million 
on a new site nearby. 


Brinsworth Mill, as the new plant is called, is designed for hot rolling 
mild, carbon and alloy steels from 4 in to 18 in wide, and down to 0-042 in 
thick in the 4 in to 7 in range, 0-048 in from 7 to 12 in, 0-056 in from 12 
to 16 in, and 0-060 in from 16 to 18 in. Maximum thickness is 0-25 in 
in all width ranges. Steel slabs for rolling at Brinsworth are received 
partly from the nearby Templeborough Works of Steel, Peech and 
Tozer, and partly from another works in the United Steel group, the 
Appleby-Frodingham Steel Company, Scunthorpe, where additional 
melting capacity has been provided. 

The site on which Brinsworth Mill stands slopes upwards from the 
public highway which separates it from Templeborough, and levelling 
for building involved the removal of some 350,000 cu. yd of soil, shale 
and soft rock. On this site the United Steel Structural Company 
Limited, Scunthorpe, erected a mill building 800 ft long and 300 ft wide. 
The main structure is of steel, and includes in its 3,400 ton total sub- 
stantial quantities of the company’s ** Castella ’’ open web beams. Offices, 


Slabs are pushed through the two re- 
heating furnaces by mechanical pushers. 








Slab passing through the first roughing 
stand. The horizontal edger is on the left. 
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STEEL STRIP 


A steel rolling mill can be architecturally pleas. 
ing, as this picture of Brinsworth Mill shows, 


amenities and welfare facilities are provided in a separate two-storey 
brick building near the end of the mill. On the side of the mill which 
faces the road the elevation is of rustic brickwork, alternating with deep 
panels of glazing. The mill is divided longitudinally into four bays, which 
house the motor room, main mill, slab storage and conditioning section, 
and coil storage and despatch departments respectively. An extension 
of the motor room forms the roll preparation shop. At the rear of the 
main mill is a separate building, 550 ft long and 66 ft wide, which houses 
two pickling lines. 

Steel slabs, which are the raw material of Brinsworth Mill, are received 
and stored in the slab bay, which is 96 ft wide, and has two rail tracks 
communicating with Templeborough Works. A semi-portal crane is 
installed for handling the slabs, which are up to 28 ft 6 in long, 3 in thick 
and 18 in wide. There are also three 15 ton overhead electric travelling 
cranes, equipped with lifting beams, serving the entire bay. 


Re-heating 


Slabs are examined in the preparation bay, and any surface defects 
are removed. They are then placed on the grid of the depiler, which 
incorporates a 30 ton weighing machine, and is located centrally between 
two oil-fired re-heating furnaces. Slabs are fed single to either of the 
furnace roller tables as required. 

The furnaces, supplied by Stein and Atkinson Limited, London, S.W.|, 
are each 60 ft long and can heat 75 tons of slabs an hour. They are 
equipped with Schack recuperators, which preheat the combustion air; 
waste gas flues and cold air ducts enable the recuperators to be by-passed 
for repairs. There are two heating zones, known as tonnage and soaking 
respectively, and the second zone is divided into three control sections 
across the width of the furnace. Both furnaces have automatic control. 

Slabs are pushed through the furnaces by electrically-operated twin 
pushers, and emerge at the discharge end on to a 135 ft long roller table 
which leads to the first section of the mill. Provision is made for diverting 
a heated slab from the mill in case of necessity, by conveying it to a 
section of the table between the two furnaces and thence by a transfer 
mechanism back into the slab bay. 


Rolling 


There are two sections in the hot rolling mill, a roughing and a finishing 
section, the complete mill having been supplied, together with the furnace 
pushers, by the Loewy Engineering Company Limited, Bournemouth. 
The electrical equipment for the mill was supplied by the English Electric 
Company Limited, Stafford. 

A horizontal edging and scale-breaking stand, driven by a 350 h.p. 
a.c. motor through a flywheel-assisted reduction gear, starts the rolling 
of the slabs. It is equipped with manipulators on both the ingoing and 
delivery sides to turn the slab on edge for rolling, and lower it again 
after it leaves the stand. 

The roughing train consists of four 21 in two-high stands with rolls 
of 24 in barrel length. There is a free run of 38 ft between stands | and 2 
and a 63 ft run between stands 2 and 3. Stands 3 and 4 roll in tandem, 
and stand 3 is closely preceded by a 26 in vertical edging stand. A 700 h.p. 
a.c. motor drives stand | through a flywheel-assisted reduction unit, 
stands 2 and 3 have 1,200 h.p. a.c. synchronous motors, and stand 4 
has a d.c. motor of the same power. All the stands in the roughing 
train have totally-enclosed, water-lubricated fabric bearings, and central- 
ised oil lubrication is provided for the main gearbox and pinion stands. 

From the roughing mill the stock passes on a 150 ft long delay table to 
a rotary flying shear which can be used either for end trimming or for 
emergency shearing in the event of a “cobble” in the finishing train. 
Powered by a 300 h.p. d.c. motor the shear will cut hot strip up to | in 
thick and 18 in wide, travelling at up to 450 ft/min. 

In the finishing train there are six four-high stands and two vertical 
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z |. Office and amenity building 5. Horizontal edger 9. Four-high finishing stands General view of the mill bay 
2. Pump house 6. Two-high roughing stands 10. Hot strip coilers : Ry +3 7? 
3. Scale pit 7. Vertical edgers 11. Control pulpit looking towards the finishing end. 
eas- 4. Furnaces 8. Flying shear 12. Conveyors 13. Shearing lines 
ws, 
yrey edgers, one being in front of stand 1, and the other between stands 2 and 
Lich 3. Both edgers are driven by 75 h.p. d.c. motors. 
leep Each of the six finishing stands has 14 in diameter work rolls and 
rich 23in back-up rolls, the barrel length being 23 in. Tapered roller 
ion bearings are used for mounting the work rolls and multi-roller cylindrical 
sion type bearings are fitted to the back-ups. Lubrication of the bearings 
the is by an automatic pumping system, and there is centralised lubrication 
ses for the gearbox and pinion stands. Electrically-driven screw-down 
gear is fitted to all the stands, with Selsyn indicators for showing the roll 
ved opening. Power operated roll changing rings are provided. Stand | is 
icks powered by a 1,200 h.p. d.c. motor, stands 2, 3, 4 and 5 by 1,750 d.c. 
e is motors, and stand 6 by a d.c. motor of 1,200 h.p. 
ri se , 
ine Coiling and Shearing 
Strip leaving the last finishing stand travels at up to 3,000 ft/min. 
It passes to a 160 ft cooling table on which water sprays are provided 
for use when required. Finally, the strip is coiled on either of two 
- 20 in diameter down coilers, each driven by a 175 h.p. d.c. motor. Com- 
biel pleted coils are ejected from the coiler drum to a conveyor leading to the 


een coil storage and despatch bay. ‘ : ; The six finishing stands are four high. 
the Continuous measurements of strip temperature, width and thickness 
are made during rolling. Temperature is measured at four points and 
v1 shown on large circular dial indicators which are clearly visible to the mill 
operators. Strip width is measured between the final finishing stand 


be and the coilers by means of a photo-electric telescope system mounted 
al over the cooling table and showing any deviation from the required 
cing width in a similar manner to the temperature indication. Thickness is 
aah also measured by non-contact means, a radio-active source being mounted 
on below and a detector above, the strip. Variations are shown on a lamp 


wr display board in the motor house, and also transmitted to a teleprinter 
ible in the finishing mill pulpit. 
The coil conveyor, which is 600 ft long, travels at 30 ft/min and can 





oy handle coils weighing up to 5,600 Ib each, runs from the coilers, under 
wee the slab bay in a tunnel, and turns at right angles to run down the middle 
: of the coil bay. Here, a magnet crane lifts the coils and places them in 

storage while they are still hot. A 3 ton weighing machine is incorporated 

in the conveyor. 
f Two shearing lines are installed in the coil bay, each comprising a 
ing decoiler, edge trimmer, roller flattener and flying shear combined, piling 
ace device and a 10 ton weighing machine. The lines will deal with strip 
uth. up to 18 in wide and from 0-042 in to 0-25 in thick in lengths up to 35 ft. 
tric A separate inspection and gauging line, capable of taking any strip 

in the range rolled, is installed at one end of the bay. It incorporates on — 
h.p. a hydraulic shear for removing faulty material, and can produce small Finished strip is coiled in one of two 
ling coils of strip if required. Strip can be despatched from this bay by downcoilers and ejected to a conveyor. 
and road or rail, a rail siding extending the whole length of the bay, and 
zain road vehicle access being provided at each end. 

Some of the strip is pickled before despatch, and two multi-strand 

olls pickling lines are installed in the pickling building behind the main mill. 
id 2 Strip is uncoiled and the scale is first freed by means of staggered rollers 
em, before it passes in sequence through the acid and hot and cold water 
h.p. washes. A coating of soluble oil is given to the strip prior to re-coiling. 
init, 
d4 Services 
ling Some 600,000 gallons of water per hour are provided for mill and 
ral- pickling shop service. Steam, oil, gas, water and compressed air are 
ids. brought through a service tunnel from Templeborough Works. 
e to Micro; hones and loud speakers at strategic points throughout the 
for building cnable information to be disseminated rapidly, as is necessary in 
ain. high-speed mill operation, and this equipment is supplemented by tele- 
1 in Printers and a pneumatic tube link with Templeborough. Centralograph 

contro th recorders on the machines enables a record to be kept of 





ical machine stoppages and their reasons. 


24 January 2, 1959 ENGINEERING 


DEVELOPMENT 


ENG 
Metals and Materials 


FAWLEY 


Rae 


aug eae 
Re 





HE Rt. Hon. Lord Mills, K.B.E., in opening the new petrochemicals larger refinery and new petrochemicals industries covering over 1,000 w origin 
T plant at the Fawley refinery of Esso said he was particularly acres, and the New Forest and Southampton Water are still serene and a a 
interested that a number of private firms were able ‘‘ without direction beautiful. There should be no pollution—so nearly £1 million was a natur 
or control from above—to co-operate to their own benefit, to that of spent to make sure that there was none. Thirty local committe 7 Rubb 
other producers and to that of the consumer.” The firms to which he conferred and Town and Country Planning approved, with the resy 9)“ Sty 
referred were Esso, International Synthetic Rubber, Monsanto and that sites were screened, and as one company suggests as typical of mate 
Union Carbide, an industrial foursome united spiritually by their their efforts, “ the asbestos roofs were toned down by painting russ pany 
common desire to expand production and use of British petrochemicals, brown.” Why choose Fawley for petrochemicals ?—well, there is 4 their 
and united physically at Fawley by a network of raw material pipelines. railway with two services a day, but more seriously, because the marine 70.0 

When a small refinery came to Fawley in 1921, the New Forest : 


conditions of Southampton Water make it particularly suitable fo a brou 


unloading tankers which supply life-blood to the combined industries, ‘ Grat 
" perf 


and Southampton Water were beautiful. Today there is a much 


Monsanto Polyethylene 
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. &Duwon CU — leaecleni> TO CLAY PLANT quer 
NDER a veil of self-imposed secrecy, Monsanto Chemicals Limited Ln hel STEAM ucHT Enos | _©4 _ To BUTADIENE mixt 
have constructed the first part of a chemical plant which will — CRACKER inns C, _ EXTRACTION unt com 
eventually cover 112 acres of the Fawley district. At present it is only pro row. pun mor 
possible to place them on the map and to say that the first bite from the Y of | 
capital which has been allocated to the Fawley development scheme has a Ace 
already been absorbed in an installation which will be able to absorb Gs SS is fr 
11,000 tons a year of ethylene supplied by pipeline from the Esso | femn> FUEL GAS sele 
ETHYLENE PRODUCTION prensa tior 
rane AND SEPARATION pm ETHYLENE spli 
to « 
tall 

Ts Y-ONE TOWERS, 203 vessels, 260 heat exchangers, ‘ 

168 pumps, 18 compressors, 7 furnaces and over E 5 
100 miles of process piping are among the notable items SS Pe 

which are to be found within an area of 600,000 sq. ft : 
which houses the new Esso petrochemicals plant at Fawley. This ge 
recently completed plant will produce ethylene and butadiene, both us 
in liquid form, the ethylene for despatch by pipeline to neighbouring ru 
Monsanto and Union Carbide, and the butadiene for similar despatch Isi 
; to their other neighbour the International Synthetic Rubber Company ac 





















ETHYLENE na 

refinery. The main product will be low-density polyethylene made by : 

a high pressure polymerisation process. Construction is well under ; 

way and should be completed in readiness for commissioning the 4 
plant in the early months of 1959. 

Union Carbide Chemicals 

7 present activities of the Chemical Division of Union Carbide i 

Limited in this country are in production of surface activation 
agents in a small factory at Kirkby, and in the sale of about 500 different 
= ——=S « ETHYLENE » : 
= SOUTHAMPTON OE eae Fe a eee ee 

= WATER = Ethylene is extracted from cracked products of naphtha. ] 

of Hythe. Petrochemicals account for only | per cent of the complete \ 

throughput of oil derivatives from the refinery yet have required ( 

£10 million in capital plant expenditure compared with £58 million 


spent to date on the remainder of the refinery. _ 
The petrochemicals plant consists of four units; a steam cracking 
unit which processes 250,000 tons a year of raw naphtha to produce | 
gases such as ethylene, propylene, butylene and butadiene; an ethylene 
recovery unit which separates ethylene from the gases produced in the 
steam cracker; a butene dehydrogenation unit to manufacture butadiene 
from gases produced by the steam cracker and a catalytic cracker; 
and a butadiene recovery unit which extracts the butadiene from the 
products of the steam cracking and the butene dehydrogenation units. 
A more detailed analysis of the process and of the flow of materials in 
the plant is shown in the two diagrams. 
Steam cracking of a naphtha feed in a radiant burner furnace pro- 
vides both ethylene and small amounts of butadiene. The process 1s 
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chemicals which are imported from the United States of America 
and from the Continent. An especial effort in the last few months 
however, has been directed towards securing an increased market for 
the several of those chemicals which they will produce at the new 
plant at Fawley. Costing £3 million the plant will be able to absorb 
18,000 tons of ethylene a year when production commences at the 
end of 1959. A sales staff has been especially recruited to increase the 
sale of the chemicals, all of which are derivatives of ethylene or its 
oxide. Perhaps this American company, which is known as Gemec 
in this country sees its purpose fulfilled in making life more comfortable 
for the person living in Britain; certainly its ethylene glycol products 


will help to prevent cars from freezing up, and its ethylene oxide 
derivatives will be used as the first step in making artificial fibres and 
textiles which will enable the British populace to be well protected 
against the climate. Ethanolamine will go largely to the printing 
trade for the production of inks, and glycol ethers and esters will be 
some of the other more important chemicals which will be put on 
the market. Most of the products are already familiar names and 
have other manufacturers in this country, but Gemec are confident 
that the market is expanding sufficiently rapidly to warrant the building 
of this new plant. Wimpey are the main contractors, the design having 
been provided by Union Carbide in the USA. 
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ORLD consumption of rubber in 1957 was 3-1 million tons, of 

g W which 1-2 million tons was synthetic—synthetic rubber which 
1,00 bd originated in Germany in the 1930’s and was developed by the Ameri- 
> cans during the Second World War as the result of a shortage of the 
natural product. The Americans called it GR-S—‘ Government 
Rubber Styrene,” but it is now more generally known as SBR— 
“Styrene Butadiene Rubber.” The only manufacturers of such 
material in this country are the International Synthetic Rubber Com- 
pany of Hythe, Hants, who have adopted the trade name Intol. With 
their recently completed plant they are in a position to manufacture 
70,000 tons a year, making use of 13,000 tons a year of styrene which is 
brought by road, rail and coastal tanker from Firth Chemicals at 
Grangemouth and Shell plant at Partington, and 50,000 tons a year of 


















performed rapidly and polymerisation of the products is prevented by 


pu = quenching with a heavy oil. Compression of the products yields a 
DIENE mixture of liquid and gas from which ethylene, ethane and lighter 
ON UNT components are separated by an absorption process. Ethylene of 
PLANT 


more than 99-8 per cent purity is subsequently obtained by two stages 
of low temperature fractionation performed at below minus 100° F. 
Acetylene, which interferes severely with polymerisation of ethylene 
is reduced in concentration from 3,000 p.p.m. to below 50 p.p.m. by 
. selective hydrogenation between absorption and fractionation. Separa- 
tion of ethylene and ethane from methane is relatively simple, but 
splitting ethylene and ethane requires a tower with 80 trays in order 
to obtain the necessary degree of separation. This 185 ft tower is the 
tallest on the entire chemicals project. Butadiene is partly obtained 
= direct from re er oa 
4 ; steam cracking of naphtha, 
AY Petrochemicals but far greater amounts are 
obtained by the dehydro- 


This genation of butenes coming from a catalytic cracking plant. Esso 
both use their own process of dehydrogenation which they find cheaper to 
ring run for their type of feedstock than the alternative Houdry process. 
atch Isobutylene is extracted trom the feedstock with 65 per cent sulphuric 
any acid, and the subsequent dimerisation at 280° F has presented Esso 





ha. Butadiene is made by Esso dehydrogenation of butenes. 
_ pe materials problem which has been only partly overcome by use 
te 0 ead lined vessels and Carbate heat exchanger tubes. Dehydrogena- 
tion is carried out over Dow type B, calcium-nickel-phosphate catalyst. 
™ The final stage of cooling, which preceeds compression, employs 
a . air cooler which is built of finned steel tube and employs air fans 
an rk gr a cooling rate of 173 million Btu’s an hour. This marks the 
ve - ao from sea-water cooling in the whole refinery and because 
a reedom from corrosion is being repeated in similar refinery installa- 
- ons in this country. Butadiene of 98-5 per cent purity is finally 


- extracted by fractionation and low temperature absorption in copper 
: ammonium acetate, with simultaneous removal of acetylene. 
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International Synthetic Rubber 


butadiene which is pumped by pipeline from Esso at Fawley. 

Whether or not the British company will be called upon to make 
use of their full capacity will depend largely on the recovery of the 
automobile industry which is the largest consumer of the product. 
Undoubtedly there will be a saving in dollars for every pound of 
synthetic rubber which does not have to be imported from North 
America, but world capacity is currently greater than demand, and 
expansion has been justified by the anticipation of a demand for 
4-5 million tons in 1959. For the time being someone will have to be 
content to run well below capacity. 

The synthetic rubber is obtained by cold polymerisation of one 
part of styrene with three parts of butadiene in a water emulsion, and 
a mercaptan modifier and redox catalyst are employed to obtain the 
desired molecular 
structure in the short- 
est possible reaction 
time. More com- 
plete details of the 
process and its varia- 
tions are available in 
the literature.* In 
the ISR plant, the 
flow of reactants is 
continuous. After 
mixing all the com- 
ponents except the 
final part of the cata- 
lyst, the emulsion is 
refrigerated by salt 
water and ammonia. 
The final catalyst in- 
gredient is introduced 
before entry into the 
first of 11 vessels 
where reaction pro- 
ceeds, and is about 
60 per cent complete 
when the emulsion 
leaves the last vessel 
and enters a series of 
stopping-off displace- 
ment columns. — In- 
completeness of the 
reaction is not only 
inevitable but is 
found necessary to 
attain the desired 
polymer structure. Large quantities of butadiene and styrene 
have to be stripped from the emulsion before the latter is blended with 
oil and antioxidants, and is coagulated, washed, dried and baled. 
Butadiene is recovered by three stages of reduced pressure evapora- 
tion, the lowest at 200mm absolute. Styrene is steam stripped at 
40 mm absolute in a column containing 14 sieve trays, and the vapours 
are condensed in a heat exchanger with duplex tubes. Both of these 
raw materials are recirculated. 

Corrosion problems are almost more serious from the weather than 
from the chemicals. Provision of some internal smooth surfaces has, 
however, proved necessary to prevent adhesion of the latex to pipe and 
vessel walls, and glass lined steel pipes and pumps have had to be 
incorporated between the reaction vessels and the blending and 
coagulation tanks. 

The rubber produced by this process may be extended by addition 
of up to 30 per cent of an aromatic oil, which while not altering the 
properties of the material to any great extent reduces the cost. Both 
extended and unextended latexes undergo the same drying process, 
which is carried out following coagulation with acid and brine, and 
washing with water. The major part of the water is removed by 
rotary vacuum filtering, but this is followed by heating to an average 
temperature of 200° F in ovens with tubular steam heating coils, 
which is designed to reduce the water content of the rubber from 
50 per cent to 0-5 per cent. In this condition the rubber is baled in 
airtight polythylene containers and is dispatched to the consumer. 

The equity capital for this plant was subscribed by a consortium of 
the major United Kingdom tyre companies. Out of a total cost of 
£6 million, over £1:25 was taken up by civil engineering work which 
included driving 1,722 piles to an average penetration of 30 ft into the 
peaty clay coil covering part of the 54 acre site. ISR claim that 
the technical resources for the whole undertaking were not available 
in Britain and they chose the Blaw-Knox Company of Pittsburg, 
USA, to design, install and commission the plant. Matthew Hall 
and Company Limited of London were however subcontracted for 
certain engineering work and John Laing and Company Limited 
undertook the civil engineering. 


* Burrage K.G. Proc. Inst. Rubber Industry 1957, Vol. 4, 5, 178. 





Unreacted butadiene and styrene 
are recovered and recirculated. 
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Research and Development 


The Iroquois turbojet, which is in production 
at the Malton, Ontario, works of Orenda 
Engines Limited for the Avro Arrow supersonic 
interceptor, was designed to meet the power 
requirements of an interceptor to succeed the 
Royal Canadian Air Force’s CF-100 aircraft. 
This called for maximum performance of 
Mach 1-5 at 50,000 ft. 

In just 20 days the design team came up with 
the basic layout; an engine with two com- 
pressors, high velocity combustion chamber, 
close-coupled afterburner, with 
modulated convergent nozzle, 
the package delivering 20,000 Ib 
of thrust without afterburner at 
sea level and weighing not 
more than 4,500 lb. Titanium 
alloys, relatively new in the aircraft industry, 
would be used extensively throughout the front 
end. The basic design gave a thrust-to-weight 
ratio of just under 5 to 1, and there was every 
intention of boosting this if at all possible. 


FOR TITANIUM 


At the outset, titanium offered the greatest 
single opportunity for keeping the weight down. 
Using it to replace aluminium in the front end 
of the engine (where temperatures would be too 
high for aluminium) it was estimated the engine 
would be lighter by 850 Ib than if steel were used. 

The combustion chamber was made smaller, 
and consequently lighter, as a result of studies 
which showed that airflow velocities through the 
combustion chamber could be increased con- 
siderably over normal practice without penalising 
combustion performance. Finally, afterburner 
design was tied closely to the basic engine so 
that it became an integral part of the design 
and was a smaller and lighter unit than it 
otherwise would have been. 

While titanium appeared to be very attractive, 
it was not without its hazards. It was in a 
critical position at that time. Quality of the 
material varied from batch to batch; it was said 
to be difficult to weld and to machine; and it was 
in short supply. 

To overcome these disadvantages, the Orenda 
team set out to learn as much as possible about 
titanium. In the laboratory, characteristics of 
physical properties were established. In the 
machine shop, investigations were undertaken to 
learn how to fabricate the material and many 
new techniques were devised, particularly in the 
welding field. 

A specific study on titanium and steel discs 
and blades designed for the same duty showed 
the titanium disc weighed 16 1b, the steel disc 
48 lb. Titanium blades carried by the disc 
weighed 17 Ib, steel blades 29 lb. Total weight 
was 33 1b for titanium, 77 lb for steel. This 
considerable reduction in the weight of dynamic 
parts permitted the use of a simplified rotor 
bearing arrangement. This arrangement required 
less supporting structure and gave a total weight 
saving of significant proportion. The engine cas- 
ing was designed to carry the stresses that would 
have been absorbed by the supporting structure 
which was now eliminated. 


AGAINST TITANIUM 


Notwithstanding these major advantages, 
however, the high cost of titanium was a factor 
to be reckoned with, and for this reason a 
parallel programme of development was carried 
out using other available materials. As a result 
of this programme, the original concept of an 
all-titanium front end was modified without any 
weight penalty. Methods devised for fabrication 


of hollow steel turbine blades led to the replace- 
ment of the titanium compressor stator blades 
with their counterpart in hollow steel, with no 


DEVELOPING THE IROQUOIS 


weight increase. The low pressure compressor 
casing was changed to magnesium alloy and the 
high pressure compressor casing to steel. 

Stator rings, which constituted a potential 
rubbing area for the compressor blade tips, were 
converted to steel for another reason—to 
eliminate a fire hazard. Titanium is a poor heat 
conductor, and experience showed that where 
a local hot spot developed it could result in a 
hole burning through the material. Then air 
from the compressor, feeding through the hole, 
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gramme of afterburner investigation which led 











to a satisfactory design giving full afterburning : 





with smooth, full modulation. 











Another major development occurred in the | 











turbine section where the original design require. 5 











ments were studded with complex problems, 7 


At the outset there was no material available. 
or likely to be available in the near future, 
capable of withstanding the temperatures of the 
turbine section without some form of induced 
cooling. Hollow air-cooled blades were indicated 


Canada’s Supersonic Turbojet 





might create a blow-torch effect, endangering 
the entire structure. 

Early in 1955 came a reminder, if one were 
needed, of the high stakes being played for. 
A serious weakness found in the titanium com- 
pressor blades was traced to an excess of hydrogen 
in the raw material as received from the supplier. 
Instead of a maximum of 25 parts in a million, 
140 parts in a million were found. This in no 
way was due to negligence or otherwise on the 
part of the supplier. Rather it was because no 
satisfactory process has yet been found to give 
fault-free production. To salvage the blades, 
which represented a fair sum in development 
funds, arrangements were made to have them 
degassed in a vacuum. The hydrogen was 
successfully ‘“‘ bubbled’ out, but not before 
many anxious days of wondering whether the 
entire titanium concept would have to be 
abandoned. 


THE HOT END 


The basic design of the afterburner called for 
a proportionate throttle/thrust characteristic 
with a nozzle fully variable, as opposed to the 
two-position, on-off type of afterburner then in 
wide use. Because the Orenda team felt in- 
sufficiently experienced in afterburner work, 
detail design of this component was given to 
another company which specialised in com- 
bustion design. This led to a four-segment 
type of afterburner in which each segment was 
lit, one after the other, to provide successive 
boosts in power. However, this did not provide 
the flexibility of operation sought, and the system 
suffered other technical shortcomings as well. 
At this stage an Orenda team undertook a pro- 





The Iroquois turbojet has a 
power to weight ratio of 5 to 1. 


for at least some stages of the turbine. Investi- 
gations were therefore put in hand on techniques 
for producing hollow steel blades. Once 
successfully fabricated, the turbine design was 
subjected to many hours of test rig running to 
perfect the air-cooling system, which involved 
bleeding air from the compressor and directing 
it through the hollow rotating blades of the 
turbine. 

Meantime progress was being made by the 
International Nickel Company on research and 
development which had been requested by 
Orenda. INCO came up with a material that 
required casting (until this time Iroquois blades 
were forged) and with temperature limits within 
25° of the air-cooled blades limit. Calculations 
showed that the 25° temperature advantage 
of the air-cooled blades was cancelled by 
the loss of power resulting from the bleeding 
of air from the compressor to cool the blades. 
Therefore, the decision was made to use solid 
blades in the new material, and a simpler design 
was drawn up. 

Significant performance achievements were 
recorded in December, 1955, just one year after 
the first running. A maximum thrust in excess 
of 20,000 Ib was recorded during a sustained run 
at maximum speed. Indications were that high 


speed operation was satisfactory both aero- 
dynamically and mechanically. ; 
Early this year, a development I[roquo!s 


successfully concluded a series of runs totalling 
over 100 hours in the engine propulsion tunnel 
at the National Advisory Council for Aero- 
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| led GP In recent years there has been considerable ductivity the reinforced plastics “liner” is sional change by artificially heating-age the 
Ning | development in the use of non-metallic materials | made with a thin cross section. bearing before final machining. In an asbestos 
for bearings, especially for those in which dry Phenolic laminates are reinforced with asbestos reinforced laminate it is the resin binder which 

the film lubrication is a normal feature of their or cotton fibres which may be in the form of a sets the maximum operating temperature. 
uire- operation. Among them is to be found the felt or of a woven cloth. Although the mag- Thermal breakdown of phenolformaldehyde 
plastics bearing material, the most widely used _ nesium silicate fibres of asbestos have, theoretic- resins is generally rapid at temperatures in 


being one which employs a phenol-formaldehyde 
resin binder together with a fibrous reinforcement 
such as cotton fabrics or asbestos cloth or felt. 
Graphite, molybdenum disulphide or ptfe may 
also be added to bring about specific reductions 
in coefficient of friction. In the spring of 
this year Railko Limited opened a new 
factory at High Wycombe, Hertfordshire for 
making such bearings. 


DESIGN AND RE-DESIGN 


It is not always possible to make an effective 
plastics bearing of precisely the same shape and 
size as the equivalent metal bearing, and the 
manufacturers offer technical assistance in the 
design of any machine in which it is proposed to 
use this type of bearing so that best results may 





i 





¥ be obtained. Such re-design is necessary 
primarily because the reinforced material has 
directional properties; compressive strength and 
' impact strength are greatest at right angles to 
» the plies. Wear resistance is usually greatest 
’ parallel to the plies, although shear strength is 
least in that direction. Bearings designed to 
operate under conditions of heavy shock loading 
such as in steel rolling mills must be well sup- 
ported in the housing and because of a low 
modulus of elasticity and low thermal con- 
Concluding The lroquois 
nautics Lewis Flight Propulsion Laboratory 
in Cleveland, Ohio. During these trials, it is 
believed, were achieved probably the highest 
dry thrusts ever recorded by turbojets on the 
North American continent. The engine with- 
aa stood inlet temperatures never before encountered 
: in the tunnel without adversely affecting an 
tol. engine mechanically. Normal relights were 
achieved at designed Mach numbers after 
/esti- induced flame-outs up to 60,000 ft, the altitude 
ques capability of the tunnel. An Orenda-patented 
Once method of relight is incorporated in the engine. 
was Altitude handling difficulties encountered in the 
ig to early stages were quickly diagnosed and improve- 
ylved ments were incorporated within two months. 
cting Iroquois development engines have now 
the completed more than 5,000 hours of bench 
running. In addition, various components such 
+ the aS compressors, combustion and afterburner 
and systems, bearings, gearboxes, have all completed 
| by thousands of hours on test rigs. Further high 
that altitude trials will be conducted in Orenda’s 
lades own high altitude tunnel, scheduled to come into 
ithin operation this year. It permits investigation of 
tions high altitude performance over 100,000 ft at 
tage Mach 2. 
by Flight tests of subsonic performance are 
ding Currently being carried out in a converted B-47 
ades. bomber, the Iroquois being installed in a pod 
solid on the starboard side of the tail end of the 
esign luselage. Supersonic flight performance will be 
done in an Avro Arrow interceptor. 
aa sides Leading Particulars of the Iroquois 
ae = length including afterburner 19 ft approx. 
xCess ral length, without alternator : 
| run Intake diameter ‘ pu sp cna 
high Teeurner diameter 47 in approx. 
1eTO- chrust-weight tio. ss a 7. class (dry) 
, Pecific fuel « sumption... .. Under I for dry rating 
c Inder 2? i 4 a 
a Compressor | Twosspool afterburner 
Combustion # . ae $s oderate ; 
innel 101 RR: us oe .. Annular, high velocity 
\ero- Afterburner Sone cae 


Close-coupled 


ally, a strength greater than cotton, the bonds 
with the resin are not so effective, with the 
result that in the absence of a cotton felt 
laminate the material with greatest tensile 
strength has an asbestos felt reinforcement, 
followed by cotton cloth and asbestos cloth 
reinforcements, the strengths being 30,000, 12,000 
and 8,000 lb per sq. in respectively. Further- 
more, under conditions of continued impact, 
the bond between resin and asbestos breaks 
down, and in designing bearings for such loads 
the more “stable” cotton reinforcement is 
recommended; it is therefore very difficult to 
quote a design strength for asbestos materials. 


FRICTIONAL PROPERTIES 


Water is very effective as a lubricant of plastics 
bearings. However, since the viscosity of water 
and the ability of a water film to resist disruptive 
stresses are usually lower than that of oil it may 
be necessary to supply such liquid under pressure 
in order to maintain the lubricant film. The 
following values of the coefficient of friction 
were obtained with cotton reinforced materials 
especially developed for steel rolling mill opera- 
tion. At a bearing pressure of 2,000 Ib per sq. in 
the coefficient against a steel surface in the 
presence of water dropped from 0-017 at a 
rubbing speed of 100 ft per min to 0-007 at 
500 ft per min. Increase of speed thereafter up 
to 1,500 ft per min caused only a slight drop in 
friction to 0-005. If in the same bearing the 
rubbing speed was held constant at 500 ft per 
min and the loading increased from 2,000 lb 
per sq. in to 4,500 lb per sq. in, the coefficient 
increased from 0-007 to 0-023. In this case 
the water film could not support the increased 
load and fluid lubrication progressively broke 
down. A comparison of oil and water lubricated 
bearings before breakdown of either film 
occurred was. very favourable. At a rubbing 
speed of S00ft per min at pressures up to 
1,400 Ib per sq. in the coefficient of friction with 
oil lubrication was never less than 0-05; with 
water, always of the order of 0-01. 

No figures are available for dry running 
bearings. In steel rolling mill applications 
cotton laminated bearings have out-lasted bronze 
bearings by as much as 20 times the service life. 
High rates of wear may be expected, however, 
where the bearings are running excessively hot. 
The coefficient of thermal conductivity of a 
bearing metal is probably about 150 times that 
of the average reinforced plastics bearing 
material, as a result of which the plastics bearing 
would heat up to a greater extent than the metal 
one. This is partially compensated for by the 
lower coefficient of friction of the plastics bearing. 


SERVICE TEMPERATURES 


Phenolic resin bonded structures have a 
tendency to shrink if exposed to high tem- 
peratures, caused by a continuation of curing 
and condensation of the resin termed “ heat 
ageing.” Great care is taken in manufacture 
to advance the cure as far as possible but there 
is always a residual shrinkage potential. In the 
vast majority of cases the extent of this after- 
shrinkage is neglible and is absorbed in the 
running tolerances. However, if service tem- 
peratures are higher than the maximum achieved 
in manufacture (about 170° C) sufficient shrink- 
age may occur to cause binding in, for example, 
a bush type bearing, or possibly a slackening 
of the interference fit in a housing. The manu- 
facturer can provide against excessive dimen- 


excess of 200°C although asbestos fibre will 
stand up to about 600°C. For continuous 
service a safe working maximum of about 
175°C is set. With the cotton reinforced 
materials it is the cotton which is the determining 
factor since it is affected by temperatures of 
130° C and upwards. 


STABILITY AND APPLICATIONS 


Chemical engineering and processing industries 
make extensive use of bearings immersed in 
corrosive liquids where conventional lubrication 
is impossible. Cured phenolic resin is unaffected 
by the salts of most metals, with the notable 
exceptions of sodium and potassium hydroxides 
and to a lesser extent the hypochlorites of 
calcium and sodium. Sulphuric, nitric and 
chromic acids in concentrated form or at 
elevated temperature attack the resin fairly 
rapidly. Organic solvents, oils, fuels, wines, 
spirits, and fruit juices have no effect upon a 
well cured resin, apart from staining it in some 
cases. Asbestos reinforcement preserves to a 
high degree this chemical resistance although it 
does introduce a sensitivity to hydrofluoric 
acid. Cotton fibre, on the other hand, is 
attacked by a wider range of chemicals including 
nitric acid, strong alkalis and zinc chloride. In 
chemical plant applications, therefore, asbestos 
reinforced materials are the first choice. Phenolic 
resin bonded cotton or asbestos structures can 
absorb water or other liquids, the result of which 
is that the structure swells and allowance must 
be made in machining to accommodate dimen- 
sional change if service conditions involve 
immersion in liquid or a vapour saturated 
atmosphere. The degree of tolerance varies from 
one material to another but may run as high as 
0-008 in per in. This deficiency is usually amply 
compensated by the ability of the laminate 
surface to conform accurately to contours of 
the mating surface by a process of bedding-in. 
Experience has shown that better journal life is 
obtained with harder metals and alloys. In 
steel rolling mill bearings the spindle should 
have a hardness between 290 and 320 Brinell. 

A fabric reinforced bearing is suitable for any 
of the vast range of bearing duties to be found 
in engineering and industry. They are not 
suitable for very high speed jobs where heat 
may not be removed sufficiently rapidly to 
prevent temperatures rising above the critical 
limits, nor are they suitable in cases where the 
bearing is required to preserve very accurate 
alignment of the shaft. They can offer sub- 
stantial advantages in cases where conventional 
lubrication is difficult or impossible; where the 
bearing is subject to shock loading, or where 
shaft condition or alignment are such that a 
less accommodating metal bearing would suffer 
severe damage. They can be used in a wide 
range of process liquids and slurries, using the 
liquid itself as lubricant. Railway rolling stock 
and agricultural machinery, especially in the 
hotter climates where dust and grit would very 
quickly contaminate an oil lubricated bearing, 
make use of the reinforced plastics bearings and 
wear pads. In steel rolling mills, cotton rein- 
forced bearings have stood up to impact pressures 
of 25 tons per sq. in and where bronze bearings 
have flowed under the compressive load. The 
plastics bearing is not a substitute for the metal 
bearing but introduces a new range of properties 
which hitherto might be obtained only by com- 
plex and costly elaboration of conventional metal 
bearing and lubrication arrangements. 
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Book Reviews 


DETONATION 


The Science of High Explosives. By MELVIN A. 
Cook. Reinhold Publishing Corporation, 430 
Park Avenue, New York 22, N.Y., USA 
($22-5); and Chapman and Hall Limited, 37 
Essex Street, London, W.C.2. (180s) 


Despite recent preoccupation with nuclear 
explosives, the conventional types, which depend 
on release of chemical energy (that is, they 
rearrange only the outer electrons of the atom) 
are still of very great and continuing importance. 
For example, last year 100 million blasting shots 
were fired in British coal mines alone. 

The “ high” or detonating explosives, which 
form the greater part of modern manufacture, 
have a history less than 100 years old. A firm 
theoretical basis for understanding their dis- 
tinctive behaviour was laid at the beginning of 
this century by Chapman and Jouguet. Accord- 
ing to this surprisingly simple theory, the 
detonation wave is a steeply-fronted pressure 
wave maintained in stable propagation by the 
heat of the chemical reaction which it initiates. 
It is remarkable that many aspects of the process 
can be thus quantitatively predicted without 
reference to the reaction kinetics. 

Interest in the practice and theory of high ex- 
plosives was greatly stimulated during the Second 
World War and has continued in post-war years. 
Despite the publication of two valuable mono- 
graphs by J. Taylor and collaborators in this 
country, a very large and continually increasing 
body of information remains scattered in the 
technical journals or out of sight in classified 
reports. To digest this impartially would be a 
major undertaking, and the present book, 
although it contains valuable summaries of 


some aspects, and makes frequent reference to 
the literature, cannot be regarded as a text-book. 
Rather it is an extended statement of the author’s 
views on the physical chemistry of detonation, 
supported by a detailed account of experimental 
work carried out under his direction at the 
University of Utah since 1951 and before that in 
the laboratories of E.I. du Du Pont de Nemours. 

No one who is at all familiar with the subject 
and who reads and studies this book can fail to 
be impressed by Professor Cook’s enthusiasm, 
industry and resourcefulness. Several of the 
most difficult problems, for example reaction 
zone structure, diameter effect, measurement of 
reaction time and transmission through obstacles, 
are confidently tackled, and their solution sup- 
ported by a wealth of original evidence and 
detailed argument. The author has illustrated 
his text with copious tables, figures, photographs 
and calculations. Numerous references are col- 
lected at the end of each chapter, and there are 
lengthy appendices (including one on the thermo- 
chemistry of explosives) and good subject and 
author indexes. 

However, the inexperienced reader must be 
warned that Professor Cook’s conclusions on 
the topics mentioned above are highly unortho- 
dox. While accepting the fundamental structure 
of the theory, he delivers a vigorous and sustained 
attack upon certain aspects of it, in particular 
upon the picture of zone structure associated 
with the names of Zeldovich, von Neumann and 
Doring. According to this normally accepted 
picture, the pressure is highest in the wave-front 
and falls as reaction proceeds to equilibrium; 
but Professor Cook believes that this pressure 


DYNAMIC STRUCTURE 


Business Enterprise: Its Growth and Organisa- 
tion. By RONALD S. EpwaArps and HARRY 
TOWNSEND. Macmillan and Company Limited, 
St. Martin’s Street, London, W.C.2. (60s) 


It is perhaps natural that the human sciences 
should be considerably behind the natural 
sciences both in precision and in the relevance 
and completeness of existing theory. That this 
should be the case with economics in particular 
is still less surprising. What is alarming is the 
ease and almost nonchalance with which sweeping 
generalisations, accompanied in their political 
aspects by strong feelings, are uttered and 
believed on the major questions of industrial 
organisation in Britain. Such generalisations 
ignore, though they are in part due to, the immense 
variety and essential fluidity of the actual 
industrial scene; in a problem so complex it is 
much simpler and more comfortable to rely on 
generalities—safe in: the knowledge that they 
will not be found out possibly for years. 

The predominating characteristic of Western 
culture, in so far as it has anything to oppose to 
the totally planned economy, is or should be 
that it is dynamic. Existing institutions are the 
sole products, neither of reaction nor radicalism, 
but of an organic, though only partly conscious, 
growth. As such, the organisation of British 
industry must be understood—or rather, at the 
present stage, studied. It is a reflection both on 
the complexity of the problem and on the limited 
resources that have so far been devoted to study 
of this kind that the authors of Business Enterprise 
must state that “ as yet far too little is known to 
support clear findings, strong judgments and 
wide generalisations about industrial organisa- 
tion.’ This book is a valuable contribution to 
the necessary knowledge. 

The authors had as a starting point for their 
study of the organisation of British industry 
an unusually large and valuable accumulation 


of up-to-date case histories. These were pro- 
vided by some 200 seminars held at the London 
School of Economics, at which papers were 
presented by industrialists and others on concrete 
examples of some aspect or other of industry. 
The material provided by these papers and the 
discussions arising at the seminars have been 
used by the authors as the basis for a systematic 
study of “ certain aspects ”’ of industrial organisa- 
tion. With passing reference to such subjects as 
labour relations, and planning, budgeting and 
pricing techniques, and leaving the techniques of 
industrial administration to a companion volume, 
the field remaining is a very wide one. 

The four parts of the book concern the variety 
of industry and the factors making for the birth 
and growth of firms; the integration of industrial 
activities; the interaction of government and 
industry; and in the concluding part, the 
authors’ views on the future of British industry. 

In its descriptive parts—the bulk of the 
book—the study carries conviction, besides 
gaining greatly in interest, by constant reference 
to concrete examples. The authors themselves 
point out that any discussion of the relations of 
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“* spike ” is smoothed out in practice by thermy 
diffusion. There is a detailed presentation 
arguments and evidence collected by the autho, 7 
for his point of view: evidence against it oo). & 
lected by other workers gets rather briefe | 
mention. x 

Professor Cook’s conclusion that the wave jy 7 
flat-topped assists him in developing his “ ge. 7 
metrical” theory of imperfect confinemen 
On this theory, rarefactions originating at the ES 
periphery of the cartridge section converge oy 
the axis at some distance behind the shock-fron. 
defining a conical region of high and uniform 
pressure, the “ detonation head.” The proper. 
ties of the wave are then determined quite simply 
by the axial thickness of this head, and effects 
on targets are calculated by regarding the head 
as equivalent to a projectile of known mass and 
velocity. The “ detonation head” theory, al. 
though apparently providing a good fit to 
observed diameter and other effects, has already 
drawn criticism because it ignores the essentially 
subsonic nature of flow in the reaction zone. 

Nevertheless, it would be unfortunate if the 
somewhat partisan nature of the book were to 
distract attention from its merits. Apart from 
the great wealth of factual information provided 
on almost every aspect of the behaviour of high 
explosives, the theoretical arguments are invari- 
ably stimulating. While it could hardly tb 
recommended as a first text for beginners, who 
might be too quickly persuaded by the author, 
it is a work which everyone seriously concerned 
with detonation should read and attempt to 
digest. After all, the expert is, or should lk, 
able to look after himself, and he will certainly 
learn a great deal from Professor Cook and may 
perhaps even be shaken a little out of com- 
placency. 


Aes tiie % 


S. PATERSON 


government and industry, and of the future 
pattern set up by this interaction must of neces- 
sity be more personal. But after a study of 
their case material, it is hard to quarrel with the 
basic assumptions “that every extension of 
central power should be very amply justified 
before it is granted, and that the onus of proof 
should always lie with those who _ propose 
centralisation.” 

Of particular interest to engineers is the 
discussion of the background of research, and 
the conditions necessary to ensure that innova- 
tion is impeded as little as possible. 

The book is addressed to students of industrial 
economics and government, and also to practis- 
ing businessmen. It could also be read with 
profit by the growing body of engineers who feel 
the need to understand something of the environ- 
ment in which they work. It is eminentl 
readable, and refreshingly down to earth 
Besides providing an intensive study for the 
specialist student, it should arouse the interes! 
of a much wider readership in the broader 
aspects of British industry. 

P. J. FARR 


TRADE PUBLICATIONS 


Copies of any of the following trade publications are 
obtainable from the addresses given though distribution 
is sometimes restricted. 


Engines and Pumps 


Sieam Turbines. G. AND J. Weir Ltp., Cathcart, 
Glasgow, S.4. Steam turbines for variable speed 
requirements; up to 2,500 h.p. with back pressures 
up to 200 Ib per sq. in; speeds up to 16,000 r.p.m. 
Publication No. 171. 

Contractors Pump. ARTHUR LYON & Co. (ENGI- 
NEERS) Ltp., 6 Carlos Place, Grosvenor Square, 
London, W.1. The Alcon 6 in centrifugal pump has 


an output of 50,000 gallons per hour when coupled 
to an Armstrong Siddeley 20h.p. engine. It will 
handle sand and gravel in suspension. Leaflet. 

Reduction Gears. Tursine Gears Ltp., Cheadle 
Heath, Stockport. ‘* Velomesh” range of single 
and double-reduction gears; ratios up to 10:1. 
Tables of ratings and key for calculation of sizes, 
dimensions and recommended oils given in publica- 
tion No. VGI1. 

Turbo-Pump. PULSOMETER ENGINEERING Co. LTD. 
Nine Elms Iron Works, Reading, Berks. “* Pacific 
steam turbo-pump for boiler feed service; 5,000 to 
10,000 r.p.m. single stage high pressure. Leaflet. 
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PANORAMA THROUGH GLASS 


Glass Engineering Handbook. By E. B. SHAND. 
Second edition. McGraw-Hill Book Company 
Incorporated, 330 West 42nd Street, New 
York 36, N.Y., USA ($9-75); and McGraw- 
Hill Publishing Company Limited, 95 Farringdon 
Street, London, E.C.4. (77s 6d) 


For the past half century there has been a 
steadily growing use of glass in the engineering 
field. No longer associated almost entirely with 
windows, mirrors and bottles, glass has become 
more and more useful, and in many cases 
essential, in a wide variety of engineering work. 
Simultaneously with its increased use, there has 
grown up a demand for more knowledge of its 
properties so that engineers can use it to the 
best advantage in the manifold fields from 
domestic architecture to chemical and nuclear 
engineering. 

The problem of supplying this information 
concisely, but in sufficient detail to be truly 
useful to the engineer is one which, seems to 
baffle almost all authorities in this field, and one 
would expect that the most useful book would 
be either a brief and very general description of 
applications of glass in engineering, or else a 
detailed and concise treatise on one field con- 
taining all the necessary data required for 
designing in that field. 


Dr. S. Paterson, M.A., 


The 


5 sultants. 
Reviewers 


Limited. 


Dr. L. H. A. Pilkington, 


Mr. E. B. Shand, the author of Glass Engi- 
neering Handbook, is now a consultant and was 
formerly on the research staff of the Corning 
Glass Works, one of the foremost glass manu- 
facturers in the United States and a supplier in 
that country of much glass for the engineering 
industry. He has tried to solve the problem by 
giving a full description of the properties of the 
glass in which he is most interested and a brief 
summary of the properties of other types. The 
second edition of the book has been revised and 
brought up to date, and includes the bibliography 
which refers mainly to American publications, 
and suffers from a lack of references to a number 
of valuable British publications. It is also, in 
some places, rather uncritical. 

Provided the engineer in England realises that 
the facts and figures given, refer to American 
glasses, and that the English equivalents may 
not have exactly the same properties, he will find 
the book of interest as a first reference book, 
but he would be well advised to consult the 
technical services of the glass manufacturers 
before he completes any design work as they 
should be able to provide him with the technical 
advice and information he requires to complete 
his designs. 

L. H. A. PILKINGTON 


D.SC., is a research physicist with the research 
department of ICI Nobel Division. 
Mr. P. J. Farr, B.A., is on the staff of O. W. Roskill, Industrial Con- 


LL.D.,M.A., is a director of Pilkington Brothers 


NEW BOOKS 


Tri-lingual Strata Control Glossary. National Coal 
Board, Purchasing and Stores Department, Hobart 
House, Grosvenor Place, London, S.W.1. (12s 6d) 

Consists of three volumes; the first (Strata Control 
Glossary) is pink and English-French-German; the 
second (Wo6rterbuch fiir Gebirgsdruckfragen) is 
green and Deutsch-Englisch-Franzosisch and the 
third (Lexique relatif aux pressions de terrain) blue 
and Francais-Allemand-Anglais. Separately they are 
5s each. 

A First Year Engineering Drawing. By A. C. 
PARKINSON. Sir Isaac Pitman and Sons Limited, 
Pitman House, Parker Street, Kingsway, London, 
W.C.2. (9s) 

This well-known primer is now in its sixth edition 

(since 1933). It is amply illustrated and revision 

exercises and sample examination questions are 

supplied. 

The Shipping World Year Book and Who’s Who, 
1958-59. Edited by ARcHIBALD Hurp. The 
Shipping World Limited, 1 Arundel Street, London, 
W.C.2. (60s) 

Embodies in one volume most of the vital information 

relative to merchant shipping and its administration 

throughout the world. 


Time Measurement. Part I: Historical Review. 
By F.A.B. WARD. Ministry of Education: Science 
Museum. Her Majesty's Stationery Office, York 
House, Kingsway, London, W.C.2. (5s 6d) 

The inclusion of the atomic clock indicates the range 

covered by the Science Museum’s horological section. 

A section that fascinates all visitors of both sexes 

and all ages. 


Handbook of the Collection illustrating Cycles. 
Part Il: Catalogue of Exhibits with Descriptive 
Notes. By C. F. CAUNTER. Ministry of Education: 
Science Museum. Her Majesty's Stationery Office, 
York House, Kingsway, London, W.C.2. (6s) 

Although the exhibition tends to look like the cycle- 

Stand of a large factory this handbook covers one 

of the more fascinating parts of the Science Museum. 


Early Engineering Education at Toronto 1851-1919. 
By ©. R. YounG. University of Toronto Press, 


Canada (#4); and Oxford University Press, Amen 

House, Warwick Square, London, E.C.4. (31s 6d) 
Traces the growth of the engineering side of the 
University of Toronto from its inception in 1851 
(when the profession was not quite respectable) 
through its various stages of recognition to the year 
after the First World War. It is a little difficult 
to understand why 1919 should have been chosen 
as the year to close this history. 


The British Engineers’ Handbook 1958. 
The British Engineers’ Association Incorporated, 
32 Victoria Street, London, S.W.1. (21s) 

The handbook of the British Engineers’ Association 

lists the members, their manufactures, trade names 

and trade marks, indexed in Portuguese, French, 

German and Spanish. One cannot help thinking 

that the range of languages might be either extended 

or revised to the eventual benefit of the members 
who form a good cross-section of British industry. 


29th Edition. 


Composite Construction in Steel and Concrete for 
Bridges and Buildings. By IvAN M. Viest, R. S. 
FOUNTAIN, and R. C. SINGLETON. McGraw-Hill 


Book Company, Incorporated, 330 West 42nd 
Street, New York 36, N.Y., USA. (87-25); and 
McGraw-Hill Publishing Company Limited, 95 


Farringdon Street, London, E.C.4. (58s) 
When one reads that “the methods and examples 
follow the provisions of the 1957 specifications for 
composite design for highway bridges *’ one must 
remember that the authors are American. The 
specification referred to is that of the AASHO 
(American Association of State Highway Officials). 


Introduction to Nonlinear Analysis. By W. J. Cun- 
NINGHAM. McGraw-Hill Book Company Incor- 
porated, 330 West 42nd Street, New York 36, N.Y., 
USA. (89-25); and McGraw-Hill Publishing 
Company Limited, 95 Farringdon Street, London, 
E.C.4. (74s) 

‘ This work, the first of its kind, written specifically 
as a textbook, is a compilation of a number of 
mathematical procedures previously scattered 
throughout the literature.” The author is Professor 
of electrical engineering at Yale and the text is the 
outcome of a graduate course at that University. 





On the Shelf 


By Frank H. Smith 


I hope the librarian of the Royal Institution 
will not mind my referring to him in this wise 
when I say “ my friend *’ Mr. Vernon has pro- 
duced a booklet “* Notes on the Library of the 
Royal Institution (and a list of periodicals and 
serial publications currently received)."” Those 
who have had the privilege of visiting this 
gracious building will know what a mass of 
material there is in the library and the photo- 
graph in the pamphlet, while showing what a 
lovely room it is, does no justice to the collection 
distributed round the walls of the other rooms. 
It is pleasure-giving to read in the notes that 
** members are invited to make full use of their 
library and to introduce others to it.” Although 
the pamphlet is dated this year, a pen has been 
drawn through some of the daily newspapers and 
glossy illustrateds in the list but mention of 
titles might give material to one of those bodies 
that conduct readership-surveys. 

The Directory of Opportunities for Qualified 
Men 1959 is available at 8s 6d (Cornmarket Press 
—distributed by Bowes and Bowes). 

Butterworth, 88 Kingsway, London, W.C.2, 
announce B. C. Vickery’s Classification and 
Indexing in Science. The cost is 25s and to 
anybody who knows anything about librarian- 
ship the fact that it is Vickery needs nothing 
added. 

Butterworth’s Research Applied in Industry 
for December carries an interesting article 
* Translations of Russian Scientific Literature ” 
which reviews availability, duplication of ser- 
vices, difficulties of obtaining and so forth. 
The same number is accompanied by No. 4 of 
Volume I of the same publisher’s Young Scientist. 
This has hitherto been a supplement to Research 
to give readers an idea of its purpose but in 
future there will be one issue per term (1 March, 
1 June and | November) at Is 6d per copy. 
This is for up-and-comings with a scientific bent 
and I am sure that schoolmasters will give every 
encouragement to their charges if they see a 


copy. Butterworth are at 88 Kingsway, London, 
W.C.2. The current number contains essays 
by two prizewinners in the Research Essay 


Competition (and I wish I knew half as much or 
could write half as well) and articles on ** Under- 
neath the Polar Ice Cap” and * Radio Astro- 
nomy.” 

A somewhat confusing (to my simple mind) 
letter comes from DSIR, Government Offices, 
Block A, London Road, Stanmore, saying that 
a list of periodicals now available to approved 
(whatever that may mean) borrowers from the 
Science Museum Library is attached. So far 
so good. It goes on to say that requests (on 
Science Library forms) should be forwarded to 
the above address—i.e. Stanmore. Why, then, 
available from the Science Library? The 
attached list is of Russian periodicals which 
makes the postscript to the letter even better 
all requests for Russian literature . . . should 
continue to be sent to 20 Chester Terrace, 
Regents Park, London, N.W.1. If you want 
to work all this out for yourself try a letter to 
Stanmore—or Chester Terrace. I'll go on 
writing to Ivan Vunnyitch at the Kremlin. 

From the indefatigable Kingston upon Hull 
Public Libraries (Central Public Library, Albion 
Street, Hull) comes a duplicated folder ** Hull 
Commercial and Technical Bulletin.” This is 
an extension of their usual book list and elabor- 
ates the service offered. A nice touch is an 
embossed Hull crest in blue and gold, presum- 
ably stuck on afterwards and implying a bit of 
overtime by somebody in the library with an 
artistic and aesthetic sense. 

I think most of my readers know that I am not 
actually on the staff of ENGINEERING and it thus 
gives me great pleasure to point out that where 
the issues of 12 December and 19 December, 
1958, give the volume number as 187 on the 
contents page it should read 186. 
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Operation and Maintenance 


OPERATION 
CHIMNEY 
PLUME 


The fogs which London and other parts of England have been experienc- 
ing recently have given the Central Electricity Generating Board the 
opportunity, for which they have been waiting over the past year, to test 
their contention that the best method of minimising the effect of flue 
gases on atmospheric pollution is by means of high chimneys which 
emit the hot gases at high velocity. In this contention they have been 
somewhat at variance with the Beaver committee, who in their 1954 report 
on air pollution recommended that power stations should use gas-washing 
plant. One effect of washing the flue gases is to cool and slow down 
the gas stream, and in the view of CEGB this is not desirable. Under 
normally clear atmospheric conditions they had 

evidence that their policy of concentrating the 





















































Smoke plumes from Brunswick Wharf Powe 
Station chimneys “* punch” through the fog layer 
The separate positions of the power station chimneys 
are visible on the large-scale Decca Flight log chart. ; é 
landing the aircraft after the operation as far 
- afield as Guernsey. ‘ 
The aircraft used for Operation Chimney 7 
Plume was one of Fairey’s Dakotas, compre ~ 
hensively equipped with VHF, ILS, radio com. 
5 pass HF/RT and Decca Navigator and Flight 
ccc! Log. The success of the expedition was due 
largely to the Decca equipment, and also to the 
great assistance offered by MTCA’s air traffic 
control staff at London airport, from which 
airfield the sortie was made, and monitored by 
radar. Part of the large-scale Flight Log chart 
provided specially for the operation by the Decca 
Navigator Company Limited is reproduced 
here: the position of the power stations and 
of the separate chimneys is shown. To ensure 
good two-way communication with the power 
stations, a separate Pye VHF transmitter 
receiver was installed which worked direct with 
a radio centre set up at the main power station 
cée at: Brunswick Wharf. 

On 3 December the Meteorological Office— 
who co-operated fully in the exercise—advised 
the team that persistent fog was expected. The 
Dakota was accordingly flown from its base at 




















lalate White Waltham to London Airport, and on the 

following morning at 08.45 hours took off in 

: ee ee ee visibility of about 50 yards and had the air all to 

a SRR i 9 © ip as aaa es herself. At about S500 ft the aircraft emerged 

oat i cA ncaa = Se quite suddenly through the top of the fog into 





brilliant sunlight, and was navigated into position 


iia ee a 
— Ss tn. pth neted The television mast at Crystal Palace seen above the fog. 
excellent results: the gases rose well into the up- 
per atmosphere where they dispersed harmlessiy. 
Whether this was still true under fog conditions 
where a temperature inversion extends well above 
the top of the chimneys, however, remained un- 
proven until the last few weeks. 

It was over a year ago that CEGB conceived 
the idea of taking an aircraft up through the fog 
to see what actually happens. They approached 
the Research Department of Fairey Air Surveys 
Limited, who are experienced in planning and 
carrying out unusual experimental projects from 
the air, to conduct “* Operation Chimney Plume ” 
—the photography of chimney emissions from 
certain London power stations above the fog 
layer. The winter of 1957-8, however, did not 
provide the right type of weather for carrying out 
the exercise and the CEGB-Fairey team were not 
able to go into action until 28 October of this 
year, when the first experimental sortie was 
made in a medium fog. This was followed up 
on 4 December in a persistent fog which prevailed 
over most of the country—and indeed necessitated 
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LONGER LIFE | 


for 


REFLEX GAUGE GLASSES 


Since the invention of the reflex gauge by Richard Klinger in 1886, boiler 


operating conditions have altered drastically. 


Most of the changes tend to 


shorten the life of reflex gauge glasses, and in this article the author 
describes some of the ways in which these adverse effects can be minimised. 


The average lifetime of reflex gauge glasses has 
changed immensely over the last 50 years. At 
one time reflex gauges could simply be fitted and 
forgotten about for very long periods; indeed, 
the author has had personal experience of 
reflex gauges on boilers steaming at about 
110 1b per sq. in where the glass was unchanged 
and untouched for as long as 15 years! Nowadays 
the lifetime of a reflex glass may be measured in 
months or even weeks, depencing on the working 
conditions. This may seem a drastic change for 
the worse, but fortunately much can be done 
to alleviate it. 

It is useful to review briefly the way in which 
water attacks glass. As a solvent, water is 
probably the most widely effective known. It 
dissolves all salts to some extent, including 
silicates like glass. The rate of solution increases 
with temperature, pressure and alkalinity, but 
as the amount of salt in solution increases, the 





Concluding 
Operation Chimney Plume 


over the power stations concerned by means of 

Decca. A number of plumes were seen pene- 
trating the fog layer, which were soon identified 
as belonging to the selected power stations. 

To provide more positive identifications, one 
of the power stations, Brunswick Wharf, coloured 
the efflux gases from one of their stacks black 
and from the other stack red. The two coloured 
plumes were seen emerging side by side through 
the top of the fog, well above the chimneys. 
The positive buoyancy of the efflux was proved 
by the turbulence encountered by the aircraft 
when passing immediately above, but not through 
a plume. 

Except when operating at higher altitudes, the 
aircraft had to remain within a circle 3 nautical 
miles in diameter centred on Blackwall Point, as 
indicated on the Decca Flight Log. Particular 
attention was given to the power stations at 
West Ham, Brunswick Wharf and Blackwall 
Point, and oblique photographs were taken, 
using a hand-held F.24 camera, of the plumes 
from these stations as they broke through the 
fog layer. One of these is shown on the right: 
the two separate plumes can be clearly seen 
demonstrating that the thermal lift of the hot 
gases is effective in penetrating a thick fog layer 
and that they do not therefore sensibly contribute 
to the fog. Observations were taken above 
Bankside power station, where the chimney gases 
are cooled by the washing process before they 
are discharged, and here no sign of break-through 
by the plumes could be detected. Records 
were made throughout the climb and at various 
heights above the target of the air temperature; 
at the power stations, measurements were made 
of gas temperatures and ambient air temperatures 
to pro information for analysis. 


water becomes saturated and the rate of solution 
slows down. 

Thus, in the old days when boiler feed water 
was far from pure and the engineer’s chief job 
was chipping scale off the heating surfaces, the 
water in the boiler carried so many salts in 
solution and solids in suspension that it was 
fully saturated and had little or no effect on the 
gauge glasses. The use of soft, pure water, allied 
with higher operating temperatures and pres- 
sures, is the main reason for the more rapid 
corrosion of gauge glasses today, and a sudden 
deterioration in the life of reflex glasses will 
nearly always be found to coincide with the 
installation of a water softener or some other 
means of purifying the boiler water. 

This leads to a first recommendation: keep 
alkalinity and water treatment to the minimum 
needed to keep the boiler in good condition. 

Gauge glasses themselves vary greatly in their 
resistance to corrosion. The best glasses are 
made from borosilicate glass, and the prismatic 
grooves are moulded, not ground. The glass 
acquires a skin in the moulding which offers 
a greater resistance to the attack of the water 
than a ground surface where the skin has been 
removed. 

Unfortunately, in a moulded glass it is neces- 
sary to grind the surface flat where it is jointed 
against the gauge body, and it is this face which 
is usually attacked first of all. If the surface of 
the glass is eaten away under the gasket so 
that leakage occurs, then the glass will be rapidly 
removed by erosion as well as corrosion. 

The life of reflex glasses at this surface has 
been improved in recent years by the introduction 
of a thin film of synthetic rubber on the gaskets. 
This enables the gasket to fill more completely 
the minute scratches in the glass left by the 
grinding process, so that it is more difficult for 
the water to penetrate and build up the attack 
on this face. 


REGRINDING 


At the same time it should be remembered 
that the useful life of a reflex glass can be 
increased very considerably if its jointing surface 
is refaced before it is attacked too deeply. The 
prismatic grooves are recessed below the level 
of the jointing face, so that the latter can be 
quickly and easily resurfaced by grinding with 
some carborundum powder and paraffin on an 
old surface plate. On the water-tube boilers at 
Klingerit Works (working pressure 230 Ib per 
sq. in), the jointing surfaces of reflex glasses 
are reground after about six months’ service. 
By this means, and by keeping alkalinity to the 
minimum necessary, reflex glasses are given a 
useful lifetime of about one year. 

Corrosion of the prismatic grooves will 
occur in time, but this can continue to a con- 
siderable extent before the visibility of the gauge 
is impaired or the glass is sufficiently weakened 
to lead to breaking. Occasionally the prismatic 
grooves are attacked more rapidly than the 
jointing surface, but it is usually the latter which 
goes first and which requires regrinding or the 
fitting of a new glass. 

In nearly every case, other than locomotive 
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boilers, it is the top of a reflex glass which is 
attacked most deeply, and quite often the 
bottom of the glass is not attacked at all. This 
is due to the fact that condensation of the steam 
takes place in the top shut-off cock and top 
connections to the boiler, so that pure distilled 
water is continuously entering the gauge from 
the top and displacing the boiler water at the 
bottom. This pure water attacks and dissolves 
the glass at the top of the gauge, becoming 
saturated and innocuous by the time it reaches the 
bottom. 


PRESSURE LIMITS 


Rapid attack from this cause can be reduced 
by seeing that the level gauge and its connections 
to the boiler are kept at as high a temperature 
as possible by lagging or some other form of 
insulation, which will help to reduce the con- 
densation. This is particularly important in the 
case of boilers situated in the open air or other- 
wise exposed places and especially on steam 
accumulators where the level gauge is usually 
a long one connected to the vessel by fairly 
long pipes. The top connecting pipe should 
drain back into the boiler rather than into the 
level gauge. 

The life of the glasses will also be shorter 
when the level gauge is arranged to incline 
forward, as this means that any condensate 
runs down the glass rather than the back of the 
gauge body. 

In locomotives, the water often surges in the 
level gauge owing to the locomotive’s move- 
ment, so that there is a frequent change of boiler 
water in the gauge rather than condensed water 
at the top. Wastage of glasses on locomotives is 
therefore more general over the whole length of 
the glass and is not so concentrated at the top or 
around the usual water level. 

It must be remembered that glass tubes are 
attacked in the same way as reflex glasses, but this 
is not always so apparent owing to the wastage 
being confined to the inside of the tube. The 
walls of the tube become increasingly thinner at 
the top until the glass becomes so weak that it 
bursts. For British Railway steam locomotives 
it is now standard practice to renew the glass 
tubes every two weeks, although they lasted 
much longer before present-day water treatment 
was evolved. 

Many forged steel reflex gauges can be used 
with safety at boiler pressures of 500 Ib per 
sq. in or over, but the life of the glass is so short 
(two or three weeks) that it is not economic to 
do so. The writer recommends that double- 
plate mica-protected gauges should be used for 
all boilers which steam at pressures of 300 Ib 
per sq. in or over. 

To summarise, corrosion of reflex glasses on 
boilers is inevitable, but the life can often be 
increased by attention to the following points :— 
1. Keep alkalinity and water treatment to the 
minimum necessary to prevent scale and keep 
boiler in good condition. 

2. Use a synthetic rubber coated gasket. 

3. Reduce condensation in the level gauge by 
insulation. 

4. Endeavour to prevent condensate from run- 
ning down the glass. 

5. Regrind glass joint faces before they become 
too deeply eroded. 











Construction 
GLUING LONG RAILS 


Possible Application to 
Steel Erection 


The possibility of using resin-based adhesives 
to make rigid joints in long rails is being inves- 
tigated by several North American railways. 
This method is being developed by the American 
Railroad Curvelining Corporation, making use 
of the adhesive Bondare which has been made 
for the Corporation by the Armstrong Cork 
Company. If successful, the method would 
possess many of the advantages of welding 
long rails. 

A report on the investigations has been 
published in the Bulletin of the International 
Railway Congress for November 1958.  Pre- 
liminary laboratory work was undertaken at the 
Armstrong Research and Development Center 
and the Bethlehem Steel Corporation—followed 
by further tests at Lehigh University. Specimen 
assemblies of 132 lb per yd rail with 6-hole fish- 
plates, 36in long, gave a minimum resistance 
to shear of 300,000 Ib when Bondarc was applied 
to clean sand-blasted surfaces on both rail and 
plate; an additional 40,000 Ib of shear resistance 
was generated by butt-gluing the ends of the 
rails. In bending tests, moments of plus and 
minus 400,000 Ib-in were applied without caus- 
ing joint failure: the unbroken specimens were 
then retested in shear and it was found that the 
slip characteristics bad not been affected by 
prior bending. In fatigue bending moments 
of plus 400,000 Ib-in and minus 200,000 Ib-in 
brought about failure after 800,000 to | million 
cycles. It was thought that vibration would not 
be a serious problem. 

A number of field tests have also been con- 
ducted on, among others, the Delaware and 
Hudson Railway and the Quebec, North Shore 
and Labrador Railways. Jointing was done 
both on the track and with the rails out of 
service. In both cases, sand blasting was done 
from a permanent-way truck and a fine dust-free 
abrasive proved the best material. The adhesive 
was readily smeared on to surfaces after pre- 
mixing the hardener and base constituting 
Bondarc; pre-heating of the joint was found to 
eliminate curing stresses. Hand-held kerosine 
torches were proved suitable for speeding the 
curing period which the adhesive took to harden. 
Solvents are available for cleaning the rail 
joints or, at a later date, for breaking a joint 
when a rail has to be taken out of service. 

Some of the joints have already proved adequate 
in service conditions of — 70° F and with about 
2 million tons of traffic passing during each 
month. Experience on another stretch is re- 
ported to have shown that, once the glue has 
completely set approximately 20 minutes after 
application, the bolt tension in the fishplates 
becomes unimportant to the effectiveness of the 
glued joint. Such results have led all parties 
involved in the tests to believe that the further 
development work proposed is justified, especi- 
ally more field trials. 

Success in these experiments suggests that a 
corresponding development might be practical 
in general structural work, though some way 
might have to be found of proving joints, much 
as radiology is used for checking welded joints. 


Engineering at Home 


TESTING THE LIFE OF CHOKE! 


The ballast for a fluorescent lighting tube is often 
a choke. This simple article—basically a coil 
of copper wire wound round a piece of iron— 
is required to give long service and be low in 
price. Lives of about 20 years, for example, 
might be required. 

In a paper, “ The Life of Ballasts for Gas- 
discharge Lamps,” by T. Hehenkamp, a descrip- 
tion is given of experiments carried out on 
chokes to determine their life. ‘* Life ’ is taken 
to mean the time during which it can operate 
at normal voltage and current before the insula- 
tion of the windings breaks down. Two quan- 
tities determine this time: the initial ‘* reserve ”” 
of insulating strength, and the rate at which this 
reserve falls to zero. 

The reserve of insulating strength, points out 
the author, depends on the quality of the mate- 
rials used, their quantity, and their manner of 
processing. It can be readily determined. The 
rate of deterioration, however, is more difficult 
to find out. The following factors may be 
involved: electrical strength of the insulation; 
mechanical load exerted on the insulation; 
climatic conditions; and the temperature of the 
insulating material. Of these, the most important 
is the temperature of the insulating material. 

Various types of test can be made to discover 
the life of a given design of choke. Tests on the 
individual insulating materials do not yield 
adequate results, however, and one solution 
often adopted is to carry out the tests on a model. 
The processing of the insulation and the loading 
of the models must correspond as closely as 
possible to the conditions in the actual com- 
ponent. Loading, however, can cause diffi- 
culties. Although the electrical load can usually 
be imitated quite well, reproducing the mechanical 
load is more difficult. Forces acting on the 
windings as a result of electric currents and 
magnetic fields may have quite different magni- 
tudes in the model to that in the real component. 

A large number of models were made at the 
Philips Laboratories, Eindhoven, to simulate 
chokes for fluorescent lamps. Tests were made 
of the breakdown voltage that could be sustained 
after various ageing periods at 200 and 160° C. 


From these tests valuable information was 
gained but it became apparent that it was 
difficult to imitate the conditions of actual 


operation. In fact, the author concludes that 
if it is at all economically justified the life tests 
should be carried out on completed products. 
To study the behaviour of the insulating 
material used at the time in ballasts for fluores- 
cent lamps, 40 chokes were constructed in 1949. 
These differed in only two respects from the 
normal types used for 40 W, 220 V, 50c/s 
fluorescent lamps. In the first place, the 
impregnation with an asphalt compound was 
omitted so that it would be possible later to 
investigate the effect of different methods of 
impregnating. In the second place, the chokes 
were divided into 5 groups, each being wound 
with wire of a different thickness. As a result, 
5 different current densities were obtained and 
the insulation, which normally reached about 
90° C, reached temperatures from 100 to 270° C, 
thus giving the desired accelerated ageing. All 
40 chokes were connected to the 220 V supply 
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and at irregular intervals the installation 
switched on and off in order to reproduce 
switching transients occurring in actual operati 
After 28 months the tests were ended because 
a test equipment fault which damaged 
8 chokes still under test. The measure 
obtained covered lifetimes in the ratio , 
1: 400, and extrapolation to 10 years y 
therefore possible. According to the resul 
the life of a choke at 160° C was found to 
only about 6 times as long as that at 200° 
a fact that had not emerged from any of the test 
on individual materials or models. 

In 1956 the same tests were started again wi 
chokes of the same rating but of contempo 
design: they were cast in the appropriate bo 
with a filling material based on.a polyester resi 
These tests are still in progress. 

The insulation is raised to the testing tempera 
ture by placing the chokes in groups of ten intg 
ovens. Each group is connected daily for om 
to two minutes to a 220 V 50 c/s supply by mean 
of a rapidly switching contact. The closing of 
the contact produces initial current surges about! 
four times as high as the normal operating 
rent; the opening of the contact produce 
voltage surges about seven times as high as th 
normal operating current. These loads so fat 
exceed the severest conditions encountered if 
practice that the author considers the absengg! 
of the much lower operating voltage while th 
choke is in the oven has scarcely any influence on 
the results of the tests. : 

The results so far obtained are of the samé 
form as those for the previous test, but owing to 
the better insulating materials and the polyester 
resin filling, the life of the choke at each tempera. 
ture has increased more than eight-fold. In 
both experiments the life of the choke has been 
taken as the time at the end of which half of the 
original chokes of each temperature group 
remain intact. Extrapolation to the temperature 
commonly occurring in practice thus predicts the} 
time at which an average of 50 per cent of normal 
chokes will be defective. To the user, however, 
this information is not so interesting: he would 
prefer to know the time during which he can 
expect no serious faults to occur in his installa 
tion. To find out this time it is necessary to 
know the spread in the life of the chokes, that is, 
the reject curve. Although some predictions 
can be made from the result of the tests made 
so far, reliable figures can only be obtained after 
investigations of much larger numbers. 


FIRE ALARM 


The Fidela automatic fire alarm made by 
Associated Fire Alarms Limited, Claremont 
Road, London, E.17, will give warning of both 
slowly and quickly developing fires. It utilises 
a temperature sensitive strip mounted on a basé 
with a different coefficient of expansion; in the 
case of a slow warm-up contact is made when 
the temperature reaches 160° F. When the 
heating is quicker the base does not have time 
to attain temperature and so contact is made 
earlier. The unit is housed in a Bakelite case 
and can be connected to give both local and 
remote warning. 
































































































































































































Epiror: 


Deputy 





oy ENGINEERING 


Published every Friday by ENGINFERING LTD. 
at 36 Bedford-street, London, W.C.2. 

Telephone: Temple Bar 3663. 

Telegrams: Engineering Lesquare London. 








CHAIRMAN: J. A. Dixon, M.A., A.M.I.Mech.E 
F. B. Roberts, M.B.E., M.1.Mech.E. 
A.M.1.Loco.E. 


Epitors: 
A.M.1.C.E., A.M.1.Mech.E.: 


ASSISTANT Epitors: E. I. 
Assoc.I.Mech.E., A.I.M.: 
W. K. V. Gale, M.1.S.1.; J. T. Godfrey; M. 


D. Fisher, Ph.D.. B.Sc.. 


Annual subscription rates: 


£5 10s. (Canada. £5 §s.). 
E. P. Ward, M.A., A.M.1.Mech.E. aay 6h ai) cometrins. 
Brimelow. M.Eng.. post free. 


J. E. Dodsworth: 


’ 


Neal. B.Sc., D.1.C., A.F.R.Ae.S.; R. G. Pay, in 

M.Sc.; A. A. H. Scott, B.Sc., A.M.I.Mech.E. 
SUBSCRIPTION MANAGER: G. A. Roberts. 
ADVERTISEMENT MANAGER: G. H. Dixon. 
Inland and abroad 
Three months. 
Single copies. 2s. 7d. 


Engineering Information Service: 
available from Engineering Information Service 





and in /ocating 
both technica! and 


EIS deals, for example with, 


obtaining information, 





sources of information, 
commercial. 
names of makers and suppliers of plant and 
equipment, technical data on design. markets 
for engineering products, and compilation of 
references to information on specific topics 





Inquiries should be addressed to Engineer'ng 





Assistance is Information Service at the address given in the 


left-hand column. 














a 


